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PREFACE. 

The following notes on the Diseases of Field and 
Garden Crops are reports of a series of addresses 
given at the request of the officers of the Institute of 
Agriculture at the British Museum, South Kensington. 

The addresses were preceded by a course of twenty 
lectures upon Vegetable Physiology in relation to 
Farm Crops, by Professor G. T. Bettany, M.A., B.Sc., 
F.L.S.J so that it was unnecessary, in speaking of 
plant diseases, to revert in detail to the structural 
and physiological branches, which had been covered 
by Professor Bettany. 

The nature, limits, and objects of the addresses 
will be seen in the introductory remarks. In the 
lecture room actual examples of all the diseases in 
different stages of growth were exhibited, and the sub- 
jects were illustrated with camerarlucida drawings, as 
well as larger coloured drawings made from living 
examples. In the lecture room the simpler subjects 
were taken first, the students being gradually led on 
to the more involved ones. This arrangement has 
been adhered to in the present work, where the 
addresses have been put into book form, and numer- 
ous additions made. 
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The engravings are either reductions from the 
large drawings used at the lectures, or from others 
made from nature since. They are all (with the 
exception of one or two whioh it was necessary should 
be copies) original, and from living examples. 

We hope the illustrations will be useful; we 
believe they are correct ; they show what we have 
seen, or think we have seen. 

Excellent preparations for the microscope of the 
fungi mentioned in these pages may be purchased, at 
moderate prices, from the Rev. J. K Vize, M.A., 
Forden, Welshpool. 

Our thanks are due for assistance to our friends 
Mr. Chas. B. Plowright, M.RC.S., King's L3mn; 
and to Mr. A. Stephen Wilson of North Kinmundy, 
Summerhill, Aberdeen. 

Most of the original cameraAudia drawings, with 
many of the actual examples, and a large series of 
microscopic preparations used at the lectures and for 
this work, are now in the department of Botany, 
British Museum (Natural History), South Kensington. 

W. G. S. 

Linden House, 

Dunstable, 
Bed& 
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are taken first, so that the simpler examples graduadly 
lead up to the more involved ones. 

The great question of the prevention, palliation, or cure 
of plant diseases is, as a rule, almost entirely overlooked 
by botanists ; but from a practical point of view, — and these 
notes are specially prepared for practical agriculturists, — 
the prevention, palliation, or cure of plant diseases should 
surely be an object to be kept chiefly in view. 

A knowledge of the structure and vital phenomena of 
field and garden plants should be used as a sure stepping- 
stone to vegetable pathology. It must be confessed, 
however, that in the same way as surgery is often more 
precise and certain than medicine, so, much more is at 
present known of vegetable physiology and anatomy than 
the nature of disease and its prevention. We clearly 
know the nature of some diseases of plants ; but as regards 
the treatment of plants when invaded by parasites which 
are too often the sole cause of disease, we frequently know 
nothing. The reason for this defective information is 
clear : there are no special teachers of vegetable pathology 
in this country, and the few men who have made the 
subject more or less a speciality, have not the time or 
opportunity for extensive and continued experiment and 
research. Field crops under disease are rarely or never 
examined by competent observers. As nearly every 
known disease of the animal kingdom is susceptible of 
preventive, palliative, or curative treatment, it is only 
reasonable to assume that the diseases peculiar to the 
vegetable kingdom are also susceptible of similar manage- 
ment Of late years the spread of disease in the animal 
kingdom has been greatly curtailed, and in the human 
family the death-rate of towns has been much reduced. 
These results have been entirely brought about by the 
acquisition of an exact knowledge of the diseases peculiar 
to animals, and of the circumstances favourable to the 
spread or extinction of disease. Sanitary improvements 
have considerably extended the average length of human 
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life. It is therefore only reasonable to believe that when 
we completely understand the nature of plant diseases, and 
the circumstances which aid their spread or tend to their 
curtailment, we shall be more or less able to cope with them 
by rendering surrounding circumstances unfevourable for 
their extension. In the majority of instances it is almost 
futile to expect cures : the knowledge to be sought for 
must be the facts which will indicate some mode of pre- 
vention, or some method of detecting and treating disease 
in its earliest stages. In the same way as dwellers in 
towns have been of late aroused from their apathy and 
made to understand something of what is necessary for 
health, BO all agriculturists should, if possible, arouse 
themselves and learn something of the nature and sur- 
roundings of plant diseases. Till this knowledge is 
acquired, and till agriculturists become alive to the pos- 
sibiHty of saving their crops from disease, Httle progress 
ca. bJhoped fof. . We do'not «.y that it\ necJar? for 
every farmer to be a complete master of the anatomy and 
physiology of all the plants he grows, or to be perfectly 
familiar with the life history of every assailing parasitic 
fungus or destructive animal, any more than a house- 
holder should know aU about the exact nature of typhus, 
or diphtheria, or bacteria, bacilli, and disease germs ; but 
as every householder at length begins to know, amongst 
other facts, that an open drain is likely to prove fatal 
to life, so every farmer should know, amongst other things, 
that imperfectly-drained fields and rotting vegetable-refuse 
mean disease and destruction to his crops. 

No sane healthy person would remain in a place tainted 
with the contagia of dead and diseased animals, and it is 
equally unsafe to place sound plants, tubers, or seeds, 
amongst dead or diseased vegetable-refuse. In one case, 
as in the other, certain individuals may perchance escape ; 
but the general result is, the healthy organisms are at 
length destroyed by the dead or diseased ones. 

In regard to the illustrations prepared for. this work, 
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they are original, and have aU been drawn direct from 
nature to uniform scales, and engraved by ourselves, so 
that the comparative degrees of largeness or smaUness 
of the different parts of all the fungi described may be 
understood at a glance. Nothing is more wretched than 
the copying and recopying of book illustrations, too often 
bad ones, without examination or verification. To such 
an extent is this copyism at times extended, that in some 
instances, only one original drawing has ever been made, 
and every succeeding drawing, whether English, French, 
or German, is a mere slavish copy. The description, too, 
as well as the drawing, of one person is too often taken 
on trust alone for an indefinite period of time. The com- 
prehension of some published illustrations is sometimes 
made difficult by the diverse and odd powers of magni- 
fication, such as xl7, xl31, x3I6, etc., so that after 
the examination of a few illustrations a student's mind 
becomes greatly confused as to the relative sizes of the 
objects illustrated. All magnified figures should be in 
tens, hundreds, or thousands. Sometimes certain authors 
have illustrated fungi and omitted the amount of mag- 
nification upon the plates ; they have simply inserted 
"slightly enlarged," "greatly enlarged," "still further 
enlarged/' etc. ; and the fact is certainly not creditable to 
the copyists when we say that every illustration copied 
from certain works with which we are acquainted repro- 
duces these almost unmeaning terms. The fact shows that 
the whole phenomena described by certain writers have 
simply been taken by their successors on faith, and that 
no single copyist has taken the trouble to measure and 
verify for himself. 

Students of nature should take very little on trust, for 
the sharpest observer is liable to make a mistake in what 
he thinks he sees, or in the meaning he attaches to what 
he sees, or fancies he sees. Therefore, as far as possible, 
every one should observe and think for himself, not with 
a view towards finding fault with other observers, but to 
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confirm, extend, modify, and check the observations of 
other men. Confirmations are not always to be trusted, 
for it often happens that a beginner is over anxious to 
confirm the statements of a master, as by that means the 
pupil hopes to secure some of the credit belonging to the 
original teacher. It is not only necessary to know what 
is confirmed, but who confirms it. Some older views of 
our own, in which we have now no belief, have been re- 
peatedly " confirmed." 

All phenomena which on the face of them are unusual 
should be carefully examined and re-examined, and con- 
stantly tested and retested. Reasonable statements may 
be more readily accepted than unreasonable, but it often 
happens that the more wonderful and unreasonable a 
phenomenon is — according to the descriptions — ^the more 
avidiously it is accepted, especially by beginners. 

Opinions often vary as to the meaning of the pheno- 
mena connected with disease, as in the appearances pre- 
sented by the fungi of com mildew, of the potato murrain, 
and some other diseases. In these instances we shall not 
disrespectfully advance our own views to the disadvantage 
of other observers, but shall clearly and impartially state 
both sides of any disputed question. We shall, however, 
consider it our duty to say how our mind has been im- 
pressed by the evidence. Although certain facts are them- 
selves often undisputed, yet the deductions made from 
them are hotly contested. 

In concluding these brief introductory remarks, we 
strongly advise such of our readers as have the opportunity, 
to carefully examine the phenomena hereafter mentioned 
for themselves, and to accept nothing on mere faith. 
Any new observers who will sift and resift any statements 
of fact or deduction which appear to be unreasonable wiU 
be doing a real service to science. 



CHAPTER IL 

CLOVER SICKNESS — CLOVER MILDEW. 

Peronospora trifoUorwm, D.By. 

The well-known weakly growth of clover, termed clover 
sickness, is said — ^perhaps on insufficient grounds — ^to be 
due to a deficiency of potash in the soil, especially the 
soluble salts of potassium in the subsoil. When clover is 
grown too frequently in the same fields, and without alter- 
nation of crops, the ground becomes " clover sick." Two 
nematoid or thread worms (nema, a thread) of minute 
size, and allied to the so-called " worms " of stale vinegar 
and paste, and to the Nematode which causes ear-cockle 
in wheat, oats, and rye, have been described as attacking 
clover. These thread worms have been described under 
the names of Tylenchus devastatrix and T. Eavmsteinii ; 
but the impoverished condition of clover when due t^ 
these parasites is said to be distinguishable from clover- 
sickness proper. Some observers have said that the ail- 
ment is due to the presence of a fungus known as Sphoeria 
herharwn, Pers., sometimes described as Phospora, and 
more frequently as Gladosporivm, This fungus is over- 
burdened with synonyms and varietal names, and is so 
common on all herbaceous plants that it is hardly likely 
to be the sole cause of clover sickness. A second fungus, 
named Peziza dborioides, Fr., it is also credited with being 
the cause of this ailment, but probably on insufficient 
evidence, although, from what we have recently learned 
of the attacks of the spawn or mycelium of a Peziza upon 
living potato plants, the presence of P. dborioides, Fr., on 
clover deserves attention. ' A third fungus, named Phcin 
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ddium medicaginis, Desm., has also with insufficient reason 
been referred to as the cause of the disease. It is almost 
impossible to say what may be the chief cause of clover 
sickness, and there may be several forms of the disease. 
The spawn of fungi is sometimes confined to the interior 
of plants, where it causes serious disturbance, and this 
spawn or mycelium, if without fruit, even when seen 
under the microscope, is commonly so indefinite in char- 
acter that no one can say for certain what fungus it is 
destined to produce. 

A frequent fungus on dying clover leaves is Ascoholus 
trifoln, Riv., which is the same with Phacidium trifoliiy 
Boud.; and another is Polyfhrincium 1/rifolii, Kze., which 
is said by some authors to be a second condition of Do- 
thidea trifoUi, Fr. A rust fungus named Uromyces appendr 
ieulatOy Lev., is also at times very prevalent on the pea- 
flower tribe. .The fungus parasites of the LegwminoscBy to 
the pea-flower tribe of which our clovers belong, are but 
few in number, although their individual power for de- 
struction is great. The best known are the mildews of 
our garden and field peas named Erysiphe Martii, Link., 
and E. corrvmunisy Schl., the latter of which also occurs 
upon the Banuncula>ce(B and the vine. A close ally named 
E, graminisj D.C., is parasitic on grasses. 

A very frequent parasite of clovers in Britain, and one 
to which we are inclined to refer a great deal of clover 
sickness, is Per<mo»pora trifoliorvm, D.By., a pest which 
appears to have attracted little or no attention in this 
country till late years. 

It, like all other species of Peronospora, attacks living 
plants ; it is common on purple clover, Trifolium medivm, 
L. ; T, aVpestre^ L. ; crimson clover, T, incamaium, L. ; on 
Lucem, Medicago sativa, L., and other plants. There is 
some diversity of opinion as to the meaning of the name 
PeronosporOf as Corda, the botanist who first used the jiame, 
gave no explanation of its derivation. Corda probably 
had in view the word peranao (Trepovdfa — Homer and 
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Theocritus) — to pierce, pin, or transfix, or percme, the pin 
or tongue of a buckle, a pointed or piercing object, and 
spora (airopa), a seed or spore. He probably used the 
word in reference to the power of the fungus to pierce the 
tissues of the plant it attacks as distinguished from other 
fungi which have no such power. The specific name 
trifoliarum explains itself. Peronospora trifoliorumy D.By., 
is closely allied to the potato fungus, and it grows within 
and upon the under surface of the leaves of the plants in- 
vaded. By this habit of growth, and its putrefactive power, 
it not only chokes up the organs of transpiration of the host 
plant, but causes decomposition of the tissues by contact. 
It is remarkable for the profuse production of its minute, 
oval, transparent spores or conidia, A spore in fungi is a 
reproductive body, answering to the seed of flowering 
plants, but with no embryo or rudimentary plant within. 
Certain spores in Peronospora and in many other fungi are 
often called conidia from konisy dust, to distinguish them as 
secondary spores, or spores of an inferior class, the fungus 
itself being capable, under favourable circumstances, of 
producing other spores of a much higher order and more 
complex structure. The conidia in Peronospora, as the 
name indicates, are like fine, generally transparent dust. 
These conidia are filled with colourless protoplasm, or vital 
material, and they do not readily germinate except in 
water. When a conidium of Peronospora trifoliomm, 
D.By., falls upon any damp surface it bursts at the side, 
and the protoplasm exudes somewhat in the form of an 
amoeba, one of the simplest animal organisms. From this 
irregular amoeba-like form, other fertile stems of Peromh 
spora trifoliorum, D.By., speedily arise. 

The disease spots on the leaves, as caused by the Perono- 
spora, are at first white, and speedily become pallid or 
brownish. At length the corroded fragments drop from 
the leaf to the ground. This species of Peronospora pro- 
duces oospores, egg-like spores or resting -spores; these 
fall to the ground in the autumn, and rest in a hibemat- 
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ing state till the following summer, when they germinate, 
and produce threads carrying secondary spores or conidia; 
these conidia drop off from the parent plant, sail through 
the air, and are carried in different directions by currents 
of wind. Such spores as light upon clover plants cause 
the production of the mildew ; such as fall on unsuitable 
places perish. A description of how resting-spores are 
produced, and their nature, is given farther on in this 
work. 

The illustration of this fungus (Fig. 1, A) shows the 
parasite enlai^d 400 diameters, growing from the under- 
surface of the foliage of Medica/jo sativa L., whilst one of 
the very pale gray spores or conidia is enlarged to 1000 
diameters at £. In the illustration the fungus is really in- 
verted so that its characters may be more easily understood. 
All species of Peronospora usually grow from the under 
surfEUje of leaves, where they may be seen by the unaided 
eye as small white cottony masses. They commonly 
burst through the organs of transpiration — stomata ; 
sometimes, however, the fungi push the leaf cells aside 
and so get access to the air from the interior of the leaf. 
Two stomata are seen in section at C, D. The fertile 
threads which carry the spores are termed by botanists 
conidiophores or conidia-bearers. The spawn of the fungus 
causes putrefaction of the tissues by mere contact. The 
spores, on falling on the foliage and bursting, also cause 
putrefaction of the leaf. The destruction of invaded 
clover is further aided by the conidiophores or stems of the 
fungi obliterating the organs of transpiration. 

Imperfect drainage and thick planting favours the 
growth of all the Peronosporece, whereas a free circulation 
of dry air is often fatal to them. When once they make 
their attack, it must be remembered that they establish 
themselves within the tissues of the invaded plants, in a 
position where it is impossible to reach them with any 
curative material. Attention, therefore, to the mode of 
cultivation may tend to stop the spread, if not to prevent 
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the origitial attack of the foe As the fungus hibernates 
in deca^ii^ clover plants m the winter, it is obvious that 
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the best mode of preventing attacks is, where possible, to 
destroy all clover refuse with fire, and not allow any to 
rot on the surface of the ground. This treatment will, of 
course, not only destroy the eggs of any nematoid worms, 
bnt the spawn of the other fungi so frequently seen on 
sickly clover plants in the summer and autumn. 

The Nematodes appear to be attracted to the decayed 
spots caused by the Peronosporoky for in these positions, in 
company with resting spores of the parasite, which un- 
doubtedly causes one form of putrescence, we have com- 
monly found them. 



CHAPTER III. 
PERONOSPORA EXIGUA, W.Sl 



Ahother Penmnpora, with the habit of P. grisea, TJng,, 
a parasite of Veronica, is very frequent upon cloverfl in 
Britain, is equally destructive with P. trifoliormn, 



D.By., and is a minute and hitherto undeBcribed species. 
This plant, Peronotpora eeigua, W.Sm. (exigwus, small), is 
illustrated, enlarged 400 diameters at A, Fig. 2 ; and n 
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single spore, or conidium, is enlarged 1000 diameters at 
B. The parasite causes putrescence, and grows within 
the leaf and in effused patches on the surface, as does 
P. trifoliorv/m, D.By. The illustration shows a some- 
what large group of fruiting fungus threads, growing 
upon a fragment of a leaf hair of Lottis comiculatv^s, L. ; 
the mycelium has caused a gouty discoloured swelling to 
appear on the hair. The spore -supporting threads are 
frequently simple, or sometimes once, twice, or three times 
branched and furnished with a few joints, stops, or septa ; 
the spores are borne on minute, often lateral spicules ; 
and as the branches grow, the spores have a tendency to 
drop off, as in the Peronospora of the potato disease. The 
spores are slightly oval, almost round, and burst at the 
side on germination. P. exigv/i, W.Sm., sometimes grows 
on clovers in company with P. trifoliorum, D.By., but 
it is immediately distinguished by its very much smaller 
size, as well as by its specific characters. Though com- 
mon, this species has hitherto been overlooked, probably 
because its appearance on clover leaves to the unaided eye 
is precisely the same with that of P. trifoliorumy D.By. 

Peronospora exigua, W.Sm. — Minute, conidiophores 
simple or slightly branched, slender, sparingly septate, 
conidia oval, almost globose, very small, very pale gray, 
sometimes borne on one side of the conidiophore only, 
non-papillate, bursting at the side on germination. On 
LeguminoscB, often in company with P. trifoUorum, 
D.By. 

The ** New Clover Disease," described by P. Mouille- 
fertin the Journal d* Agriculture Pratique, 1874, pp. 667, 
670, and translated by Mr. William Carruthers, F.R.S., 
in the Journal of the Royal Agricultural Society of England, 
Vol. X., Part ii, 1874, is possibly one form of clover 
mildew, caused either by Peronospora trifoliorum, D.By., 
or P. exigua, W.Sm. In the disease described by P. 
Mouillefert the fungus appears to be chiefly confined to 
the base of the stems of clover. The author says he has 
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not been able to detect the fungus in the leaf, but, 
curiously enough, be gives an illustration of it in that 
position ; be bas not illustrated tbe spores, perhaps 
because they so readily fall from their little pedicels in 
Peronospora, and are easily overlooked. Aa this fungus 
doubtlessly hibernates in the same manner as the last, the 
only plan for lessening its ravages is to bum aU decaying 
clover material 

This parasite is very near Ovularia (Banmlaria) tfphtjR- 
roidea, Sacc. ; but if the published descriptions are correct, 
our plant differs materi^y from the German examples. 



CHAPTEE IV. 

NEW DISEASE OF POTATOES. 

Feziza postvma, Berk, and Wila 

In the beginning of the month of August 1880, Mr. 
Ambrose Balfe, secretary to the Royal Horticultural 
Society of Ireland, reported to us a disease then invading 
certain crops of potatoes in the west of Ireland, in a 
manner hitherto unknown to him. The potatoes had 
been bought as " Champions," and planted in land which 
had been reclaimed from bog eight years previous to the 
outbreak of the disease. When the ground was reclaimed 
a coat of clay was spread over and incorporated with the 
soil. For the first three years potatoes were grown, fol- 
lowed by a year of oats, next the ground was sown with 
grass and meadowed, and lastly ''champion" potatoes 
were planted. In preparing the ground for the potatoes 
searweed was first spread over the grass, and ten days 
afterwards it was covered with farmyard manure. The 
potato sets were laid on the manure, and then covered. 
Eidge planting was adopted. No doubt the mode of 
culture was defective, as it is bad in practice to place 
potato sets in immediate contact with, decaying vegetable 
matter and farmyard manure ; such materials always con- 
tain an immense number of disea^ genns both of Limal 
and vegetable origin. The manure used for potatoes 
should always be old and thoroughly decayed, and it is 
perhaps best that the cut faces of the sets should be 
allowed to dry before they are planted. Some planters 
pass the cut surfaces rapidly across a hot iron with good 
efiEect, but others maintain that it is better to place the 
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freshly-cut sets in the soil immediately after cutting, and 
whilst the wound is still quite fresh. Planting in rank 
undecayed material is not only destructive to the material 
which is stored up within the tuber or set (material 
which is the food of the future plant), but it is also in- 
jurious to the young shoots and rootlets, for any hot, 
fermenting material acts as a poison to these growths, and 
diminishes the vigour of the infant plant. The conditions 
of planting in the instance here adverted to may, how- 
ever, have had nothing to do with the disease which 
followed in the summer. 

Until the attack now under description, the potato 
plants, as far as outward appearances went, were free from 
any taint of the fungus of the potato disease proper, 
named Peronospora infestaiiB^ Mont. The disease was first 
noticed in the beginning of July, at the time the potato 
flowers were opening ; but there can be little doubt that 
it was in or upon the plants several weeks previously, as 
by its nature it would not attract much attention at first. 
It is strange that other potatoes named ^'Protestants," 
growing close to the "Champions," were not attacked. 
The appearance of the diseased plants was peculiar ; they 
were covered within and without with a thick felt of 
white fungus spawn or mycelium. The growth of this 
spawn was so rapid and profuse that in a week or two the 
whole of the stems and leaves were reduced to tinder, the 
entire moisture belonging to the stems and leaves being 
exhausted by the fungus. Leaves are of such vital im- 
portance to plants that the destruction of them is 
synonymous with a cessation of the plant's growth. If 
the parts of a potato plant which are above ground get 
seriously injured or destroyed, there will be little or no 
further growth in the tubers. In the Peaixa disease, now 
under description, the mycelium was not a putrefactive 
one as in Peronospora. It merely caused a sudden cessa- 
tion of growth in the tubers. 

Immersed in the thick felt of white fungus spawn, 
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PetbapoOuMa, B. and Wlls. Fglalo aUaaa nith SclavHa. 



when it had reached its maximum of growth on the 
potato Btenis, there were thousands of small black nodular 
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bodies, varying in size from a grain of mnd to that of a 
small bean. An affected potato etem is illustrated, 
natural size, at A, Fig. 3, and a section through a part of 
a similar stem is illustrated at B to show the black 
nodular growths in dtu. The small black bodies here 
drawn are at first white, at length thej become estemallj 
brown, and ultimately black ; they are hard and compact, 
and, owing to their hardness, they have been termed 
Sclerotia from ekliros, hard. One of these bodies sur- 
rounded by spawn threads is shown, twice its natural 
size, at Fig. 4. These nodular growths when examined 



with the nuciOBGOpe are found to consist of highly con- 
densed and compacted spawn cells or mycelium, white 
in the centre and gradually getting black (through brown) 
towards the outside. When an excessively thin slice is 
taken off a cut surface of one of these nodules and magni- 
fied 400 diameters, the appearance is similar with the 
illustration at Fig. 5 ; here the gradual change of colour 
from the white internal cells to the black thick-walled 
outer ones is illustrated, together with the felted statum 
of white mycelial threads, on the top of illustration, in 
which the ScUrotia are embedded. 

ScUrotia, or compacted masses of fungus spawn in a 
resting state, are common amongst fungi ; some examples 
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never attain a larger size than a giain of gunpowder, 
others -are as lai^ as peas or sroall beans. The " Native 
Bread" or Mylitta of Australia, which often meaaares 
several inches across, nmj be a ScZerotium. The edible 
Americo-Indian T^ickahoo, which is dug out of the ground 
in loi^ masses, is not really a fungus, although so esteemed 
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by Pries, and named by him Paehyma cocos. Some Sclerotia 
are sphierieal in shape, whilst others are elongated irregular 
ovals. Sclerotia are not confined fo one order or genus of 
fungi, but they possibly occnr throughout the entire famil y. 
Some forms are much less compact than others, and the 
looser forms germinate after a comparatively short rest. 

By means of Sclerotia certain fungi which would prob- 
ably perish during drought or severe &Dst are preserved 
alive through inclement seasons. The spawn naturally 
compacts itself into these little hard masses and falls to 
the ground ; it tiere remains, liie a seed, uninjured by 
continued cold or dryness, whereas the vitality of uncom- 
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pacted spawn would be destroyed nnder similar conditions 
in a few hours. Sclerotia vary in their period of hiberna- 
tion from a few days to a year or more ; they are some- 
what erratic as to the required amoimt of rest ; favour- 
able circumstances will hasten on germination, whilst 
unfavourable ones will retard it ; a very common period 
of hibernation is from nine months to a year. When 
germination at length takes place a perfect fungus is pro- 
duced ; this perfect fungus at maturity produces spores 
which, on germination, again produce spawn or mycelium. 
Sometimes this spawn will at once reproduce the perfect 
fungus, but in other instances it grows profusely, and at 
length gives direct rise to the little resting nodosities just 
described as Sclerotia. 

Some Sclerotia on germinating only produce moulds or 
mildews, whereas others may produce a tall club-shaped 
fungus termed Typhula, from Typha, the reed-mace ; some 
give rise to mushroom -like fungi, true Agarics, whilst 
others produce cup-shaped fungi which may be either 
sessile or supported on a long stalk ; these latter fungi 
are termed Pesdzce, 

Many Sclerotia have received specific names, but such 
names are almost valueless. For instance, two so-called 
different species of Sclerotia have been known to give rise 
to the same perfect fungus, — Typhula phacorrhizay Fr. 
(phacos, a lentil, and rhiza, a root), grows either from 
ScUrotivm compUmatvmy Tode, or S. scuteUatwnt, A. and S. 
Both Sclerotia are found on dead leaves, and although 
they have been described as distinct they must be the 
same with each other. Polyactis dnerea, B., and Pezissa 
Fuckeliana, D.By., both spring either from Sclerotvum 
durwrrij P., or S. echinatimu For this reason some botan- 
ists esteem the Polyactis to be an early state of the Peziza, 
Whilst respecting the opinions of the botanists who have 
advocated this startling view, we are inclined to sus- 
pend judgment and wait for confirmation. Polyactis 
dnereay B., not only grows on Sclerotia^ but is extremely 



IV.] NEW DISEASE OF POTATOES. 21 

common on all decaying vegetable matter when no 
Sclerotia are present No one can tell for certain, by 
mere examination, what any given Sclerotium will produce 
on germination. Sometimes a clue is given to what a 
Sclerotium may possibly produce by observing its habitat. 
For instance there is one Sclerotivm named ;Si. fungorurriy 
P., commonly found in dead examples of certain members 
of the mushroom tribe, chiefly found under the genera named 
Agaricus and RtLssulaf and sometimes inside the large decay- 
ing corky fungi, named Polyportbs, of trees ; these Sclerotia 
invariably produce a BmaU mushroom-like fungus named 
Agaricus tvheromsy Bull. A closely allied Aganc, named 
A. cirrhattis, Sch., also springs from a not dissimilar 
Sclerotivm, Another and very small Sclerotivm, found in 
decaying onions and named S, cepodvorum^ B., produces a 
minute mould named Mucor subtilissimus, B. It com- 
monly happens, however, that Sclerotia may be found on 
the surface of the ground near where the supporting plant 
has decayed. When gathered from such positions it is 
impossible to say what they will produce under culture, 
and sometimes they so closely resemble small trufiSes 
(which, too, are often found on the surface of the ground), 
that without a microscopical examination it is impossible 
to distiuguish one from the other. The perfect state of 
some Sclerotia is unknown, as S, stipitatum, Fr., found in 
the nests of white ants in India. 

When the large black Sclerotia were found in Irish 
potatoes they appeared to us to difier from the Sclerotia 
we had hitherto noticed, and although it is never safe to 
guess at what an unfamiliar Sclerotivm may produce, yet 
in our printed report, published in the Gardeners^ Chronicle 
for 20th August 1880, we hesitated to refer the bodies to 
any already described form of Sclerotivm^ Sclerotia are by 
no means uncommon in herbaceous stems, in cabbage 
stumps, and even in potato stalks ; but the new bodies did 
not appear to us to be the same with any others we had 
previously observed. Black Sclerotia are not imcommon 
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in dead potato stems in the spring, but not on living 
potato plants in the summer. 

Great efforts were made both by ourselves and numer- 
ous friends to make the new potato Sclerotia germinate, 
but in every instance that year without result. Many 
enquiries were made of potato growers, but the Sclerotia 
appeared to be lost again to this country, and nothing more 
was heard of them till a paragraph appeared in Nature 
for 19th July 1883. This described, from Natureen, a so- 
called hitherto unknown form of the potato disease, which 
had been making slow but steady progress near Stavanger 
during the previous ten or twelve years, and was then, so 
said the report, showing increased energy. The potato 
stalks were reported to be the first parts affected, and 
here Herr Anda had discovered small white fungoid 
growths, which, after attaining the size of a smaU bean, 
finally assumed a black colour. It appears that the 
fungus at Stavanger, like the same growth on the west of 
Ireland, rapidly increased at the expense of the supporting 
plant, first reducing the interior of the potato stem to a 
pulpy condition, and then shrivelling and hollowing it 
out until nothmg was left but the mere outer shelL 
About the end of July or the beginning of August the 
destruction caused by the fungus is seen at its worst, 
and at this period whole fields of potato plants are often 
reduced to the condition of withered straw. 

Now this disease at Stavanger, which was more or less 
lost sight of in Britain for three years, was clearly identi- 
cal with the one reported on by us ; it agreed in every 
way, and we at once wrote a note to Nature expressing 
our regret that although the germinating Sclerotia had 
apparently been seen by Herr Anda, yet the perfect plant 
had not been identified ; so that, so far as Herr Anda's 
report went, we were as much in the dark as before as 
to the fungus which had caused the disease. A few days 
after our letter was published, our friend Mr. A. Stephen 
Wilson, of North Kinmundy, Summerhill, by Aberdeen 
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— ^who, it may be said, had not seen our note in Nature — 
sent ns a box enclosing numerous living examples of the 
desired black Sclerotia from potatoes grown near Aberdeen. 
Mr. Wilson informed us in an accompanying letter that 
he had hundreds of similar examples from the previous 
yearns potato stalks then germinating, and that, judging 
&om the appearance they presented at that time, they 
would probably produce a Pemza allied to Peziza tvherosa, 
BulL At the same time a third letter appeared in Nature, 
this time from Professor Blytt, stating that he had for- 
warded examples of the Sclerotia to Professor De Bary, 
and that they had germinated with him. Professor Blytt 
stated that the Sclerotivm had produced a fungus identified 
by Professor De Bary as Peziza sclerotiorum, Lib., a species 
which had not at that time been recorded as Biitish. At 
the period when this discussion was going on we received 
other living examples of Sclerotia from Mr. Thomas 
Carroll of the Gilbert Institution, Glasnevin, Dublin. 
Mr. Carroll stated that the disease was prevalent on the 
west coast of Ireland, especially on land too heavily 
manured. On making further enquiries we learned that 
the disease was spread generally over the counties of 
Sligo, Mayo, and Galloway, and that it was by no means 
confined to any special variety of potato ; that the 
manuring with seaweed had nothing to do with the 
disease, but that large patches of potato plants twelve to 
fifteen yards in diameter were destroyed by the spawn of 
the Sclerotium, and the most luxuriant crops were appar- 
ently the most a£fected^ The apparent luxuriance of the 
affected crops was perhaps not real, for it is well known 
that when some plants are first attacked by fungoid 
diseases they put on a spurious appearance of luxuriance, 
and are excited into a sudden quick growth. It has often 
been remarked that the apparently most healthy potato 
plants fall first before the disease caused by Peronospora 
infegtanSy Mont The reason is found in the fact of the 
spawn of the Peronospora being capable of exciting a sudden 



24 DISEASES OF FIELD & GARDEN CROPS. [oh. 

abnormal growth of cMorophyll or leaf- green, and in 
other ways caneing a morbid enlargement of the tissnes, 
termed hypertrophy. A transitory and spurioufl appear- 
ance of unusual health and vigour is not peculiar to the 
attacks of fungi, for insect injuries often excite the same 
appearances. It is well known that the largest and best- 
looking pears in orchards in the early summer are often 
swarming with lari^aB. The larvae stimulate the growth 
of the young pears ; probably this abnormal growth is 
an effort of nature to repair an injury. The larger 
fruits fall to the ground and decay about the end of 
May. 

Mr. A. Stephen Wilson succeeded in raising such a 
large crop of Pezizce from his Sclerotia that he supplied 
us, as well as the Rev. M. J. Berkeley, and several other 
botanists, with living examples. They came up in large 
numbers in a garden bed where the Sclerotia had been 
thrown the previous year. The PessmB were all attached 
to the Sclerotia, and Mr. Wilson even detected the Pezizce 
growing from potato stems with the Sclerotia in HttL 
Mr. Wilson considered the ScUrotivm to be S, varium, P., 
a well-known pest of carrots, parsnips, cabbages, Jerusalem 
artichokes, etc. Mr. Berkeley came to the conclusion that 
the Pessiza was a new species, to which he gave the name 
P. postuma, Berk, and Wils. in the Gardeners^ Chronicle for 
1 5th Sept 1883. Whatever the name of the Peziza should 
be, there is one thing quite certain, and that is, the plant 
is new to the scientific observers of this country. The 
genus Peziza derives its name from Pezica, a word used 
by Pliny to denote a fungus ; and Messrs. Berkeley and 
Wilson termed the plant now under description postuma, 
because the perfect plant is produced at a much later 
period than the Sderotium. 

There are at least thirteen or fourteen of these long- 
stemmed PezizcB described, and the present plant comes so 
near Peziza cihorioides, Fr., P. sclerotiacea, Ces., and P. 
sclerotiorurrif Lib., that it is almost impossible to distin- 
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guisli it from them. Tlie rest of the described species 
have smaller sporidia. 

A few of the germinated examples forwarded hy Mr. 
Wilson are illustrated, natural size, at Fig. 6. It will be 




Fio. 6. 

Peziza postvmaj B. and W. 

Natural size. 



seen that the Sclerotia give rise to long, slender, tortuous 
stems, and that each stem at length bears a shallow pallid 
head, which ultimately becomes flat or slightly recurved. 
The stems are about two inches high, and the cup-like 
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expansion at the top about half-an-inch across. On closely 
observing these expanded tops in sunlight, especially when 
held in favourable positions, as against a black background, 
a slight sudden cloud resembling a puff of smoke or steam 
may be seen to gradually sail away through the air from 
the top surface. This almost invisible cloud really con- 
sists of millions of minute spores, in this instance techni- 
cally termed sporidia for a reason to be mentioned imme- 
diately. 

The whole interest of the fungus now centres on the 
expanded top, and especially to its surface, whence the 
clouds of sporidia sail away. If we cat one of the cups 
in two, and look on the cut surface with a magnifying 
power of five, and twenty diameters, we shall see the 
structure as shown at A and B, Fig. 7. We now notice 




Fia. 7, 

Peeiza podumOj B. and W. Section through cup. 

Enlarged 5 and 20 diameters. 

that the whole of the upper stratum of the expanded top 
consists of elongated perpendicular cells as illustrated, 
whilst the under surface is a mass of spherical cells of 
various sizes ; but to see this curious structure well a 
much higher magnifying power is required, and a small 
fragment only of the top must be examined in section, as 
at Fig. 8, magnified 400 diameters. We now distinctly 
see the basal stratum of transparent globular cells of 
various sizes, and a few of the hundreds of thousands of 
vertical transparent bladders forming the top stratum, 
and from which the cloud of dust consisting of oval trans- 
parent sporidia arises. With a lancet we will now remove 
a few of these vertical asci or long bladders, and magnify 
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600 diameters. Each colourless bladder, sack, or bottle, 
is termed an lucua, from askoi, a bag, bladder, or bottle. 
Each osciu, as at Fig. 9, contains eigbt oval Bporea or 
^aoridia. These bodies, one of which is farther enlaiged 
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Pcciin pottnnu. R mi W. 

Section tbrou^ fragmeitt of cu] 

Enlu^ed 400 dluDflteru. 

to 1000 diameters at E, are termed spnridia because they 
are not supported on threads or fine branches lijie many 
other spores, but are carried free in an axvt or transparent 
bladder, in which position they have arisen from a dif- 
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ferentiation of the protoplasmic contents of the aactu. 
Mixed with the asd are numerous slender, often septate 
organisms, termed paraphyses (as at A, Fig. 9), or organs 
which grow about or in company with organs of greater 
importance. The word is derived from para, about, and 
phud, I grow. The right hand tucus in the illustration is 
shown in the act of discharging its sporidia into the air. 
At a given moment, depending upon unknown conditions, 
possibly of the air, of light or heat, the ascus opens at the 
top, as illustrated (in some fungi an operctUum or lid flies 
off), and discharges the eight sporidia which it invariably 
contains into the air. In the genus of fungi named 
Ascoholus, the ascus itself, with its contained spores, as 
the name indicates, is shot into the air. Each transparent 
sporidivm is famished with two or three lustrous spots. 
The asci are so inconceivably small, slender, and attenu- 
ated that there are more than 300,000 packed side by 
side on the top of each expanded cap, which on the 
average measures about half-an-inch in diameter ; and as 
each ascus contains eight sporidia there are no less than 
2,600,000 sporidia produced by every cap. Now, as 
every infected potato plant will produce at least fifty 
Sclerotiay it follows that a plant killed by this new disease 
is capable, by means of its germinating Sclerotia during 
the following season, of discharging more than 100,000,000 
reproductive bodies into the air. It must now be specially 
noted that after a yearns rest the Sclerotia germinate on 
the ground, and there produce their sporidia exactly at 
the time in July when potatoes are making their best 
growth. A vast number of the sporidia must perish, but 
such as fall upon potato plants (and possibly some other 
plants, as carrots) germinate at once, cover the stems with 
spawn, obHterate the organs of transpiration, and speedHy 
reduce the haulm either to a mass of putrescence or to 
dry tinder. During this rapid and exhaustive growth the 
spawn again gradually compacts itself into the black 
nodules of condensed mycelium termed Sclei-otiOf and 
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these nodnles are destined to geiminate and produce the 
Feziza disease the following year. 

The remedy for this state of disease is obvious. No 
infected stems should be allowed to rot in the fields, but 
all should be carefully gathered together and burnt. If 
the stems are allowed to rot on the ground the disease is 
almost certain to recur ; but if they are burnt not only 
will the ScleroHa of the Peziza be destroyed, but the 
spawn, germs, eggs, and spores belonging to numerous 
other parasites, perhaps equally bad with the Pexiza 
itself, will be destroyed at the same time. If, on an 
examination of the potato stems, it is found that many of 
the Sclerotia have dropped from them, the top surface of 
the ground should if possible be raked and burnt. 
Nothing is more common than to find hibernating repro- 
ductive bodies falling readily to the ground. This is 
clearly a natural provision for their preservation. 



CHAPTER V. 

FUSISPORIUM DISEASE OF POTATOES. 

Fusispcrium Sokmi, Mart. 

When potatoes are destroyed by parasitic fungi in the 
autumn, it does not always happen that the }>arasite is 
the dreaded putrefactive fungus of the murrain, named 
Peronospora infestcms, Mont. Another highly destructive 
fungus, named Fusisporium Solani, Mart., is sometimes 
equally damaging to potatoes with the Peronospora itself. 
The name Fusisporium refers to the spindle-shaped crescent 
form of the spores, — fususy a spindle ; Solani, of course, 
refers to the genus Solanum, to which the potato belongs. 

It often happens that Fusisporium grows in company 
with Peronospora on potatoes, at other times the two 
fungi grow apart ; exactly the same phenomenon of con- 
sortism occurs with Peronospora SMeideniana, U^^g-j ^^^ 
Fusisporium oitro-virens, B., on onions. The same con- 
sortism also occurs with Peronospora parasiUcOy Pers., and 
FuMsporium aurantiacymy Lk., on the cabbage tribe. 

Fusisporium Solani, Mart., although very common in 
the southern and midland counties of England, has not 
been recorded from Wales or Scotland. Two allied species 
attacking the parsnip and turnip have been noticed in 
the latter places ; and it appears strange that the Fusis- 
porivm of the potato should have been overlooked if it 
really occurs. But however rare the fungus may be in 
the north and north-west, it is certainly an extremely 
common and highly destructive pest of potatoes over the 
greater part of England. 

Like many other fungi, FusisporiAjm, SoUmi, Mart., 
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occurs in more than one form. One condition of the pest, 
named Periola tomentosay Fr., was described in 1836 as 
an assailant of potatoes in the midland counties by the 
Rev. M. J. Berkeley. This form is probably no other 
than masses of compacted villous mycelium or spawn, 
from which the Fudsporiv/m at length arises. Another 
and early condition of FvMsporium Solaniy Mart., was 
also described by Mr. Berkeley under the name of Dacty- 
Hum tenuisaimum, A distinct rose-coloured species of 
Fusiaporitum, named F. roseolum, Steph., also grows on 
decayed potatoes. 

Fusisporium Solani, Mart., is not peculiar to decaying 
potatoes, for it grows with rapidity on potatoes which are 
apparently undiseased, if bruised or cut. To the unaided 
eye its growth bears such a dose general resemblance to 
Peronospora that it might readily be mistaken for it ; 
indeed, the use of a lens, even with practised observers, 
is often necessary to distinguish between the two. The 
fungus is simple in structure, and consists of threads and 
compound spores ; the spore- bearing threads springing 
direct from a floccose, sometimes mucilaginous, bed of 
spawn or mycelium, as illustrated at A, Fig. 10, enlarged 
400 diameters. The fruiting threads carry spores attached 
somewhat obliquely, as illustrated at B, but more clearly 
seen in Fig. 11, where they are enlarged to 1000 dia- 
meters. The spores are spindle-shaped — that is, attenuated 
at both ends ; and curved like a crescent : each spore, at 
first simple, is at length furnished with about three joints 
or septa, and each of the four pieces of the compound 
spore exhibits one or more lustrous spots. Sometimes 
all four parts of a spore germinate whilst still attached to 
the supporting threads, as at C, Figs. 10 and 11 ; but it 
often happens that at maturity the spores fall into four 
pieces, as at D, Fig. 11, and each of the fallen pieces 
sometimes germinates at once. This rapid germination, 
by its extension of the parasite, accelerates the destruction 
of the host plant. The fallen pieces of the spore are at 
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FUtitparbim Solonl, Hut. Eulaigeil tOO dlameteis. 

first BqnariBli, but on alighting on any moist sur&ce they 
speedily take a epherical form. Sometimes these little 
bodies do not germinate at once, but hibemait« for a short 
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time, generally varying from three weeks to three months 
(two months is a common time), and during this period 
they become slightly spinulose, and faintly tinted with a 
brownish hue. These little bodies, therefore, hibernate 
after the manner of resting-spores, and it is possible that 
many of them rest during the entire winter. A spore 
which has hibernated is shown at E, Fig. 11. The ovate 
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Fio. 11. 
Fusisporium Solani, Mart. Spores in different stages of growth. 

Enlarged 1000 diameters. 

bodies at F, Fig. 10, are grains of starch within a cell of 
the potato tuber. 

The destruction of potatoes is complete when the Fusis- 
porium works in company with the Peronospora, and 
when the spawn-threads of both fungi are interlaced, a 
condition very often observed in the midland and southern 
counties. 

In experimenting on the growth of this fungus, it is 
very easy to transfer the flocculent or semi-mucilaginous 

D 
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spawn from a diseased potato to a thin slice cut from an 
apparently sound one. If a very thin transparent slice 
of a sound potato is placed on a glass slide, and some of 
the spores and threads of the Fusisporium placed near the 
edge of the apparently healthy living slice, as illustrated 
in Fig. 10, the rapid progress of growth in the fungus 
can be observed with ease if the material under experi- 
ment is kept moist The growth of the Fusisfpirrivm is 
extremely rapid, and the production of the compound 
spores most profuse. The small hibernating spores burst 
and produce a perfect Fusisporium in six hours. The 
myceHum appears to have the property of breaking up 
the cell walls, of injuring the contained starch, and of 
speedily reducing the potato to a loathsome mass of put- 
ridity. In certain instances the presence of the Fusispo- 
riwm appears to cause the substance of the invaded potato 
to rot and become dry. The fungi found under Fusisporium 
are not generally considered to be capable of producing 
putrescence of tissues, but F, Solaniy Mart., is an exceptional 
species ; the mycelial threads and the supporting threads 
of the spores differ from typical species of the genus. A 
profuse growth of FvMsporium Solaniy Mart, when seen 
under the microscope, looks like the surface of a field of 
com, the ears being represented by the closely -packed 
Fusisporium spores. For lessening the attacks of this 
fungus, the only known plan is to destroy all affected 
material with fire, and not allow any decayed potato- 
refuse to remain in the fields. 



CHAPTER VI. 

SMUT OP POTATOES. 

Tubercinia scabies, B. 

The smut whicli produces one form of scab in potatoes 
is caused by an olive-green or brownish fungus, of sub- 
terranean habit, named Tubercinia scahiesy £. ; from tuber, 
an ancient Roman name for a fungus ; dneres, ashes ; and 
scabies, the itch. This is the same with Bhizosporiv/m 
Solani, Bab., and is the Protonvyces of Martins. The smut 
fungus, which is very common upon potatoes, is supposed 
to be allied to the bunt of wheat, Tilletia caries, TuL ; and 
the smut of com, Ustilago carbo, Tul. It was described 
and illustrated by Martins, Die Kartoffel-Epidemie, p. 23, 
tab. 2, Figs. 9-13, tab. 3, Figs. 36-38, and afterwards by 
the Rev. M. J. Berkeley in the Journal of the Royal 
Horticultural Society, voL i., 1846, page 33, Figs. 30 and 
31. The spores are compound, and are composed of minute 
cells, which together form a hollow globe with one or more 
apertures. In this character Tubercinia agrees well with 
the allied genus Urocystis (formerly Folycystis, in reference 
to the spores being composed of many cells), to which the 
well-known smuts of rye and violets belong. The fungus 
grows beneath the bark of the tuber, where it forms a 
thin dark greenish-brown stratum, often extending over 
the greater part of the external surface of the potato. The 
presence of the fungus may be detected by discoloured 
blotches on the bark. As in the disease caused by the 
Peronospora, it often happens that no trace of the fungus 
is to be seen at the time of harvesting. It frequently 
shows itself during the winter in stored potatoes, which. 
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at the time of digging, were apparently quite sound. In 
bad cases small discoloured spots first appear on the bark 
of the tuber ; these increase in size and become confluent, 
till at length the entire skin of the potato is discoloured. 
The cuticle then bursts in many places, and the olive-green 
spores are liberated. Like many other plant diseases, 
potato smut is in some seasons rare, at other times it is 
very common and destructive. No potatoes showing 
traces of smut should be planted as seed. 



CHAPTER VIL 

SCAB AND CRACKING OF POTATOES. 

The brownisli scab on the skin or bark, and the cracking 
of tbe bark in potatoes, are probably due to one and the 
same cause, and that a mechanical one. Scab and crack- 
ing are often confounded with smut in potatoes, but 
whereas the latter ailment is invariably caused by a 
fungus, there is seldom any fungus present (unless it be 
one of the species which so commonly follow injuries) in 
scab and cracking. Cracked and scabbed potatoes are 
not marketable, and as the fissures in the bark expose the 
inner substance of the potato to the earth it is generally 
said that tubers so injured possess an earthy and dis- 
agreeable taste foreign to uncracked and unscabbed ex- 
amples. 

Scabbing and cracking begin at a very early stage of 
growth in the tuber, and both are at first seen as small 
corroded spots, or minute open pustules ; in bad cases the 
spots and cracks become confluent, and the whole bark 
of the potato presents an unsightly appearance. When 
the inner substance of the potato is once exposed minute 
insects, and sometimes fungi, add to the injury. If such 
fungi as Peronospora or FvMsporium light on the exposed 
places, destruction of the tuber is soon complete. 

Scab and cracking are said, in the first instance, to be 
due to the presence of some irritating or corrosive sub- 
stance in the soil. Continued drought, and possibly 
sudden and superabundant moisture, will also cause one 
form of scab. A natural effort is made by the potato to 
repair the injury, and so a hard scab originates ; when 
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insects and fungi light on the injure^ parts, repeated 
efforts are made to repair the damage, and so the bark is 
brought into a scabbed and cracked condition. Lime 
rubbish, builders' refuse, refuse from ashpits, and other 
materials of the same class, are said to cause corrosion, 
scab, and cracking of the bark of potato tubers by contact. 
When the bark is carefully removed small depressions 
are clearly seen, answering to the scabs removed with the 
bark. In bad cases the pits beneath the scabs are exca- 
vated deeply into the substance of the potato, and when 
the bark is removed the substance of the tuber, though 
frequently slightly discoloured, is left intact. 

It generally happens that a portion only of a crop of 
potatoes is scabbed, and this portion can be often dis< 
tinctly traced to one part of the field whence the potatoes 
were derived. On visiting this position the irritating 
substances in the soil will usually be seen. When scab 
and cracking can be thus traced the remedy is obvious. 



CHAPTER VIII. 

NEW DISEASE OF ONIONS. 

Puccinia mixta, Fl. 

There are few kitchen-garden crops more liable to dis- 
ease than onions, and in the best managed fields and 
kitchen gardens, and in dry as well as wet seasons, whole 
crops of onions, and all varieties alike, are liable to be 
swept off by the attacks of fungi. 

During the summer of 1883 great attention was directed 
to a fungus named Puccinia mixta, FL, found growing 
on chives, near Shrewsbury. The name of the genus Puc- 
cinia was given in honour of Puccini, a Florentine professor. 
When we remember how completely Puccinia m^ilvacearu/m, 
Mont., has, during the last few years, destroyed all our 
best garden hollyhocks, we may well feel some anxiety as 
to the course this new pest of onions may pursue. Mr. 
William Phillips, F.L.S., of Shrewsbury, was the first to 
detect the onion parasite, named Puccinia mdxta, FL, grow- 
ing in a garden. Mr. PhiUips recorded its occurrence in 
the Gardeneri Chronicle for 14th July 1883, and there 
stated that the parasite was growing on chives. Allium 
Schcenoprasvm, L., and the crop, he said, was in a de- 
plorable condition of disease, the leaves and scapes, or 
naked flower-stems, being covered with yellow and brown 
spots, and presenting a miserable appearance. Mr. Phillips 
was good enough to forward some specimens to us at the 
time of finding, and from these examples the illustrations 
have been made. 

Chives are perennial and indigenous to Britain. They 
are grown to no great extent in England, but in Scotland 



40 DISEASES OF FIELD k GARDEN CROPS. [ch. 

tliey appear in nearly every kitohen-garden, where they 
are grown for flavouring aoupa, and as ingredients for 
salads. They are much milder than. " scallions," i.e., 
thickly-sown onions, which have no room allowed for the 
formation of hulba. 

At Fig, 12 is engraved a fragment of a scape or flower- 
Btein of an atfected plant of chives, 
enlai^ed five diflimeters, to illustrate 
the enormous number of disease 
pustuleswith which the flower stem, 
t<^ther with every other part of a 
diseased plant, ia covered. It is 
curious that the scapes are first and 
most affected. When these pustules 
or ulcers ai% examined with a strong 
lens they look like Uttle masses of 
brownish dust distinctly growing 
beneatli the epidermis of tJie host 
plant. As the disease runs its 
course, and these pustules enlai^e 
in size, they burst open the epi- 
dermis, and the brown or blackish 
■X'5- matter, in the form of fine dust, ia 

set free in the air. The pustules 

^ ..,...„ !S of brown dust-like spores, 

ment of flgwer scapo of for such they are, are technically 
chives. EoUrged 6 dis- called son from the Greek, soros, a 

To understand the nature of the brown dust contained in 
the sori, a very small sorai must be selected and removed 
from the leaf ; then, with a keen lancet, it must be cut 
either transversely or longitudinally in two, and the ex- 
posed surface examined. The illustration at Fig. 13 repre- 
sents a transverse section through one of the smallest sori, 
viz. a disease speck, only one-hundredth of an inch across, 
magnified 200 diameters. The transparent epidermis of 
the scape is seen broken at AA, and some of the constituent 
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cells of the scape aie illuBtrated at BB ; between these 
positiOTis the fungus named Pucdnia miieia, Fl., is seen. 
The parasite consists of club-Bhaped bodies, each conaiEtiug 
of a brown head supported on a. transparent peduncle or 
stem, the whole growing from a matt^ base of brownish 
fungus spawn or mycelinm within the substance of the 
invaded plant. It will he noticed that the brownish 
bodies supported on the slender stems are of two classes,— 
one perfectly simple, consisting of a single cell ; the other 
of two conjoined cells, or of a larger cell with a distinct 
transverse joint or septum, across the middle. These 



Enlarged 200 dismeten, 

bodies are spores of a peculiar class, possessing the func- 
tions of res ting- spores, and called technically teleutospores ; 
the latter term meaning " finishing spores," or the last 
spores produced ; from teUutao, finishing. From the oc- 
currence of the two sorts of spores in each sorus the fungus 
under description has been specifically distinguished under 
the name of mixta. The two varieties of teleutospore are 
farther enlarged to 1000 diameters at Fig. 14 to show 
more clearly the cell-walls. Under the microscope the 
colour of the spores is rich transparent yellowish-brown ; 
the supporting threads are almost colourless. In some 
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speoiea of Pwxinia these teleutosporeB genninate without 
rest; but in the majority of instances they hibenutt« or 
rest in a quiescent etate for eight, nine, or ten mouths ; 



Piiccinia mirta, M. Teleutosporea or resQng-spans. 



they then germinate in the peculiar way deBcribed 
further on. under Pueeinia graminit, Pers., one of the 
fungi of com mildew. The teleutosporea of P. mixta. 
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FL, have not yet been seen to germinate in tliis coxmtry, 
and the different experiments made in that direction by 
Mr. Phillips all failed, as he at the time foresaw they 
would do. The teleutospores of Piiccinia miata, Fl., as 
found in this country in July 1882, will probably not 
germinate before the forthcoming spring or summer ; we 
shall then know whether the species is here capable of 
being artificially spread on to other members of the genus 
AUiwm. It is supposed that the fungus, long known as 
British under the name of Garlic Rust, — Uromyces alliorum^ 
D.C., and sometimes as Uredo alliorum, D.C., or Uredo 
porri, Sow., is possibly one form of the plant now before 
us. It grew with the Pucdnia on the same plants of 
chives at Shrewsbury. On the Continent there is a 
Pucdnia named P. alliif Rud., found on Wild Garlic, — 
Allium ursinv/nij L. ; and another bearing the same name 
is found on A, oleracewm^ L., which is the same as A, 
virescens, D.C. It is probable that neither of these two 
fungi (each named Pucdnia aUii) are the same with each 
other or with our P. mwrto, FL 

On the Continent Pucdnia mdxta, Fl., is said to grow in 
three distinct forms on the same host plants. These forms 
have been termed the ^ddium, the Uredo, and the Pucdnia 
forms ; Mddiwm and Uredo are folly described under Puc- 
dnia graminis, Pers., one of the fungi of com mildew. At 
present the j^ddium, supposed to belong to P. mixta, FL, 
has not been found in Britain. Elsewhere in Europe P. 
mixta, FL, grows on various species of Allium, inclusive of 
chives, — A, schoenoprasum, L. It has been recorded on 
A. a/cviangulumf Schrad. ; on the Garlic, A, sativum, L. ; 
the Rocambole, A, opJmscorodon, Don. ; the Wild Rocam- 
bole, A, scorodopraswm, L. ; the Leek, A. Porrum, L. ; A. 
rotundum, K ; the Onion, A, Cepa, L. ; the Welsh Onion, 
A. figtulosum, L.; A, carinatum, L.; A, paLustre, Pourr. ; 
A. floAmm, L. ; A, stellatum, GawL, and no doubt others. 
As we have all these plants in our gardens, it is of course 
possible, and perhaps probable, that they may soon act as 
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host plants here for Puccinia mixtd, FL, as they do on 
the Continent, and that we may be imfortonate enough to 
speedily see our onions, leeks, and garlic in the condition 
of the Shrewsbury chives. 

There is an JSddium, — ^the earliest stage, according to 
many observers, of a Fucdnia, — ^found abundantly on our 
wild garlic, Alliwm urdnum, L., and named JEcidium 
Alia, Grev.; which is said to give rise, not to a Puccinia 
on Alliwm^ as might have been expected, but to a Puccinia 
on Phalaris or Digraphis arundina^ea, Trin., one of our 
common river-side grasses. It seems strange that al- 
though we have the JEddium in the greatest abundance, 
and the grass upon which its ultimate or Pucdnia con- 
dition should grow, yet Pucdnia sesdlis, Schum., — ^for such 
is the name of its other supposed form, — ^has not yet been 
recorded as British. 

The only method at present known for preventing 
attacks of Pucdnia is to bum all affected plants and all 
field and kitchen -garden refuse on which the Puccinia 
has grown. In decaying refuse the spores hibernate, and 
they should be killed during the period of hibernation. 



CHAPTER IX. 

MILDEW OF ONIONS. 

Peronospora SchUidenianay Ung. 

One of the best known fungus pests of Onions is the 
dreaded onion mildew caused by the fungus named 
Peronospora Schleidenianaj Ung. As its name indicates, 
it is a close ally of the fungi of clover mildew, Perono- 
spora trifoUorum^ D.By., and P, exigiia, W.Sm., already 
described, and of the fungus of the potato disease, Perono- 
spora infestans, Mont. 

Peronospora Schleideniana, Ung., is named in honour of 
the botanist Schleiden. The fungus is illustrated, enlarged 
200 diameters, at Fig. 15 ; it is shown as growing from 
the base of a leaf near the collar of the bulb ; at this 
position there is but little leaf -green or chlorophyll in 
the cells of the leaves. The spawn or mycelium of the 
fungus ramifies amongst the loose cells of the leaf and 
sets up decomposition in its progress. At Fig. 1 5, A, the 
threads of the fungus may be seen emerging through an 
organ of transpiration into the air. The minute open- 
ings, " mouths," organs of transpiration or stomata^ occur 
abundantly on most plants, — generally on the under 
surface of the leaves, but also in various other positions. 
The general habit of the different members of the genus 
Peronospora is to grow within the leaves and stems, and 
send their fruiting branches through the stomata into the 
air. This habit is fatal to the growth of the host plant, 
for the spawn not only causes putrefaction of the inner 
cells of the leaf and stem by contact, but the fertile 
threads choke up the organs of transpiration and prevent 
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the evaporation of water in the form of vapour from the 
plant attacked. So potent are the different members of 
the genus for evil that their spawn threads are capable of 
pushing aside the plant-cells of the plants attacked either 
from without or within. The mycelium of some species 
has also the power of piercing through the cell-walls and 
traversing the interior of a plant, not by creeping be- 
tween the cells, but by breaking down the cell- walls in 
its prc^ess. Putrefaction attends the whole progress of 
growth of the invading PeroTwspora, The complete tree- 
like habit of the fungus of onion mildew is shown in 
Fig. 15. It will be noticed that the fungus repeatedly 
branches and rebranches, and at the ends of all the 
minor branchlets the ovate spores or acrospores termed 
conidia are borne. These are shown at B, and a single 
conidium is farther enlarged to 1000 diameters at C. 
The conidia are pale gray or pale lavender in colour, and 
are very large in comparison with the conidia belonging 
to other species of the genus Peronospora, At the time 
of germination the spores usually burst at the side. At 
Fig. 16 part of the Peronospora is enlarged to 400 
diameters, so that the different illustrations of the genus 
in this work may be presented uniform in size. The 
difference in size between Peronospora Schleideniana, Ung., 
Fig. 16, and P. esdgtui, W.Sm., Fig. 2, is very great 
From the irregular mass of protoplasm exuded at the time 
of germination mycelial threads and fruiting branches 
quickly arise. The fungi of clover mildew are trans- 
parent and almost colourless in all their parts, whereas 
the onion fungus is more or less tinted with a pale 
reddish-gray, a brownish, or a dull violet hue throughout 
This is especially noticeable in the comparatively large 
conidia. The Rev. J. E. Vize, of Forden, Welshpool, 
has found the resting-spores of this species in decaying 
patches upon onions, where the Peronospcrra in its conidium- 
bearing state previously existed. The oogonivmy or unim- 
pregnated oospore, or resting-spore, is shown at D (Fig. 15), 
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Ferontapora SchltideiiU 



I, Ung. Enlarged 400 diiuneten. 



and mature fertilised oospores or restiog-spores at E and 
F, enlarged 400 diameters. These bodies carry on the life 
of the fungus iu a liibemating state during the winter 
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months. Their mode of formation is described under 
P&i'(mospora infestans, Mont. 

Peronospora Schleideniana, Ung., is specially common 
on the garden onion, Allium Gepa, L., and on the Rock, 
Welsh onion, or stone leek, named AUiwm fistulomm, L. 
The latter plant does not form a true bulb, but is sown 
to form smaU green onions for spring salada The 
fungus attacks numerous other species of AUiwm, and is 
even suspected on lilies and amaryllids. It is sometimes 
extremely common and virulent, attacking the onions 
early in the season, and so preventing the bulbs from 
reaching perfection. The chief point of attack is the 
leaves in an early stage of growth, and to such an ex- 
tent i8 the work of ^traction sometimes carried on that 
the entire onion plant may be seen covered with one mass 
of whitish-gray semi-transparent bloom. In bad cases the 
onions are left as one offensive mass of putrescence. 

One form of mildew is caused by the attack of a 
Fusisporium named F. atrovirens, Berk. This fungus is 
not unlike F. Solcmi, Mart, already described, but the 
spores are grayish -green or greenish-black in colour and 
more decidedly curved. The disease begins with the 
exhibition of grayish gelatinous spots, which speedily be- 
come confluent. The Fusisporivm often accompanies the 
Peronospora, Both mildews materially affect the crop of 
seed. Practical growers say mildews are favoured by an 
extremely dry Beason, aa in the mildew of peas and roses, 
and also by a wet and cold season, as well as by bad culti- 
vation. Deep trenching is generally advocated for the 
prevention of onion mildew. 

A good plan for the avoidance of mildew in onions is 
to sow the seeds in autunm ; by following this plan the 
onions are able to make good strong growths before the 
appearance of the mildew in the following spring. This 
is perhaps the only reliable plan for obtaining sound 
onions of a large size in districts subject to attacks of 
mildew. Autumn sowing is advocated by onion growers. 

E 
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This is said to prevent the attacks of the onion-fly, for it 
is believed that the flies select the younger onions for the 
deposition of their eggs in preference to those of more 
mature growth. 

Where possible all mildewed material should be burnt, 
for no fact is better known than that mycelium or fungus 
spawn is often perennial. 

Like many other plant ailments, the diseases of onions 
require investigation. Several forms of disease are known 
to growers, of which no explanation has at present been 
forthcoming. In one form the whole crop turns sickly 
yellow just before ripening, the tops soften, the bulb be- 
comes detached, the roots decay, and the entire growth 
soon becomes rotten. Another disease causes the onion 
to become thick and soft-necked, the bulb in proportion 
being smalL Sometimes mildew attacks the full -sized 
and apparently not thoroughly -ripened bulb after it is 
harvested, and commences from the outside. 



CHAPTEE X. 

MOULD OF ONIONS. 

Mucor subtilismnus, B. 

The fungi known as Mucors or Moulds (mvJceSy mould) 
are extremely common on decaying bulbs, fruits, pro- 
visions, etc. They are said not to be the immediate cause 
of decay, but there can be no doubt that they greatly 
accelerate putrescence when they grow upon exposed or 
injured places. Sometimes they grow in the inner sub- 
stance of plants, like the one under description, which has 
been named by the Kev. M. J. Berkeley, in reference to its 
extreme smallness and delicacy, Mucor subtUissimus. 

A species of fungus closely allied to the onion Mucor is 
the common Mucor rrvucedo, L, so frequent on paste, jam, 
damaged fruit, etc The onion Mucor differs from all its 
allies, , in its extremely small size ; it is said to be the 
most microscopic of all fungi found in Great Britain. 

In the Mucor disease the whole substance of the neck 
of the onion near the bulb, and sometimes the bulb itself, 
is traversed by fine threads of mycelium, and in the midst 
of this mass of spawn may be seen innumerable black 
atoms like minute grains of gunpowder. These little 
grains have been described as fungi under the name of 
Sclerotiv/m Gepce and Sclerotium cepcevoram, B. ; the nature 
of Sclerotia is described under Peziza postvmay B. and 
Wils. The present Sclerotia not only differ from the 
potato Sclerotia in their much smaller, almost microscopic 
size, but also in their less compact and more filamentous 
structure. The less compact a Sclerotium is, the more 
readily it will germinate, and in the present instance the 
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Sclerotium will protrude germ tubes in a few hours if 
placed in a drop of water. The whole process of growth 
may be easily watched under the microscope. On germi- 
nation in water, the filamentous mycelium of which each 
Sclerotium is formed, protrudes, elongates, and branches in 
a flexuous manner in all directions ; this spawn is some- 
times jointed and sometimes free from joints, and whilst 
in water no farther progress is made in growth beyond 
the protrusion of these threads. As soon, however, as the 
mycelium reaches the edge of the water, a change takes 
place, and the branches become furnished on their tips 
with minute globose heads, technicaUy termed Sporangia 
or spore cases. These extremely minute spherical heads 
at length become filled with elliptic spores or sporidia 
(so called because they are produced within a spore case), 
which, on the natural bursting of the Sporangiumj or spore 
case, are set free in the air. The little oval sporidia now 
soon germinate and reproduce the species. The small 
mycelial threads protruded from the sporidia are capable 
of forming little white knots, which at length become, on 
exposure to the air, the minute black granules termed 
onion Sclerotia, 

Now, although these small dark-coloured granules will 
germinate very readily under favourable conditions in 
water, it must not be supposed that every example germi- 
nates after a few hours' rest. There can be no doubt that 
this Sclerotvum condition answers precisely the same purpose 
in the onion as it does in the very large Sclerotium of the 
potato ; that is, it carries on the life of the fungus in a 
hibernating state through the winter. 

Individual fungi vary in their habits of growth pre- 
cisely in the same way as they vary in their specific 
characters. No hard and fast line can bind down every 
individual fungus to specific characters or to habits of 
growth. For instance, in Ptuxinia mixta, FL, already 
described, although nine hundred and ninety-nine teleuto- 
apores out of a thousand may go to rest for several months, 
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tlie thousandth example will germinate at once ; and, in 
the allied fungus of the Hollyhock disease, PtLcdnia 
mahacearum, Mont, where nearly all the teleutospores 
germinate as soon as ripe without any rest, it may con- 
stantly be observed that a certain number of erratic ex- 
amples do certainly hibernate. Provisions of this nature 
are favourable to the existence erf fungi, for, if plants were 
strictly bound by inexorable laws as to habit of growth, 
they might, by some untoward circumstance, be all sud- 
denly swept out of existence. When unfavourable con- 
ditions arise, a species may be kept in e2dstence by indi- 
viduals of erratic habit. 

No doubt the attacks of the onion Mucor may be 
palliated by the destruction by fire of infected plants 
and refuse. By this means all Sclerotia and perennial 
spawn will be destroyed. 

At present Mucor mUilissimus, B., has only been re- 
corded as growing upon the cultivated onion, but it 
doubtlessly grows upon other and allied plants. 



CHAPTER XL 

ONION SMUT. 

Urocystis cepulcBy Far. 

In 1879 a disease of onions appeared in France, known 
as the " American Onion Smut," Urocystis cepuloe, Farlow, 
a disease wliicli had hitherto heen confined to America. 
Fungi belonging to Urocystis are parasitic on living plants, 
and familiar allies in this country are the bunt of wheat, 
Tilletia caries, Tul. ; com smut, Ustilago ca/rbo, TuL ; the 
common black smuts of violets and colchicum, named 
Urocystis violm, B. and Br., and U. colchici, Tul. ; potato 
smut, Tvhercinia scoMes, B. and Br., and many others. 
It is probable that we abeady have this disease in Britain, 
as onion growers have sorely complained of late of their 
onions falling into a dusty black mass after harvesting. 
Whether this fungus is really distinct from the common 
smut of colchicum, U. colchici, TuL, seems somewhat un- 
certain. The name of the parasite is derived from uro 
to bum, hystis a bladder, and ccepa the onion plant. 



CHAPTER XII. 

NEW DISEASE OF GRASS. 

Isaria fuciformis, Berk. 

During the last few years the grass of the southern 
counties of England has been attacked, as far as this 
country is concerned, by a curious and possibly new form 
of disease. Some farmers, however, state that they have 
noticed the malady for many years past ; in one instance 
twenty years has been mentioned. The disease has ap- 
peared chiefly on sandy and chalky soils, and is apparently 
absent from clay districts. The grasses chiefly attacked 
by the disorder are the FestucaSy and notably Festuca 
ovina, L., a valuable pasture grass especially relished by 
sheep. The fungus which causes the disease does not 
generally grow on young grass, but the growths appear 
to be almost peculiar to the old grass, flrst appearing in 
September, and continuing in ordinary seasons till the 
foUowing January. In mild winters the fungus may be 
seen on the grass till March. 

The Rev. M. J. Berkeley originally described this 
fungus on grass in the Journal of the Linnean Society for 
1873, vol. xiii. p. 175, under the name of Isaria fmi- 
formis. The word Isaria is derived from the Greek, and 
simply means equal, in' reference to the simple equal 
growth of many of the species ; and fuciformis is founded 
on the word phukosy the Greek name for sea- weed ; the 
word ftbdformis therefore means, like a Fucus or sea-weed. 
The speciflc name is an appropriate one, for the resem- 
blance of Isaria fudformisy B., to some of the small linear 
red sea -weeds is strong. Mr. Berkeley describes the 
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fungUB as growing on some germinating cereal from 
Mount Oambier in Australia ; 
his deecription is very brief. 
He writes : " Pallid, dender, 
filifonn, sparingly bnmcbed, 
braachea 8cat«, spores very 
minute, globular." 

The general appearance of 
the fungUB, as seen, growing 
upon a panicle of dieep's 
fescue, Festuca ovitui, L., is 
shown twice the natural size 
at Fi^ 17. The fnnguatufU 
Eprii^ irom an effused, muc- 
ous, pinkish baee of spawn or 
mycelium, which has a tend- 
ency to glue different parts of 
the grass tc^ther aa shown 
at Fig. 18, where three grass 
stems invaded by the fungus 
are illustrated five times the 
natural size. The tufts grow 
on the stems, leaves,and every 
other part of the grasses 
affected, and the growths show 
a marked tendenq' when ripe 
to drop off and fall to the 
groond. There can be little 
doubt that this foiling of the 
fungus tufts to the ground is 
one of the means by which 
the propagation of the pest is 
Fia. 17.-N»w DiBEASi o» QBAsa. aided. The colour of the fun- 
Pgniijle of Bh«p's Fescoe Oraas In- gug \b sometimes extremely 
vadedby;«r«/,«(^™(.,B«rk. brilliant, ranging in tint 
Twice lie BiMotnitiira. , , , , j~° . , , 

irom blood-red to a pink hue 

similar with pink coral. Were it not for this bright 
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colour the fungus might be easily overlooked, and it must 
be remembered that the origimil description states the 
plant to be " pallid." A pallid condition of this fungus 
may therefore possibly be widespread and unnoticed. 
In some places and seasons the hingus may be always 
pallid, and so virtually invisible. When the fimgus 



Fra. IS. 

Steau ot Sheep's Peacnearsis, wiOi InriafMl/iimU, Berk. 

Bolaj'ged & disueten. 

exhibits the scarlet colour, the tint appears to he per- 
manent, for no change has been observed in the colour of 
our dried heibarium examples. In this permanency of 
colour it resembles the beautiful and cloaely-aJlied orange- 
coloured Anthiria fiammxa, Fr., so common on the dead 
beech leaves of our autumn woods. 

In reaching England from Australia this fimgus has 
taken the same course as the Pued-aia of our hollyhocks 
and the Capnodium of our Thuyas. 

The structure of Isaria faciforniu, B., is very simple, 
oa is the case with all imperfect fungi. The whole sub- 
stance of the parasite is one compacted mass of minute 
cells or exceedingly small transparent bladders, as illus- 
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trated at Fig, 19, enlarged 100 diameters ; the larger 
cella occupy the centre of the branches, and the smaller 
cells form the outside stratiiin. As the smaller outside 
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cells gradually reach the tips of the branches they break 
infa innumerable extremely small globose aporea oi con- 
idia, as shown at A, Fig. 20, enlarged 1000 diameters. 

It should be noticed here how closely these Isaria 
spores or conidia resemble in size the Torrubia spores at 
J, Fig. 22, ami how extremely small they are as compared 
with the spores or conidia of the mildew of onions, Per- 
onoepora SckUideniana, Ung., illustrated to the same scale 
at 0, Fig. 15. 

Itaria facifonms. Berk., is a remarkable fungus, for no 
other British species of Isaria, is known to grow on a 
living plant Some species grow on dead flowers and 
dead twigs and stems, others on decaying fungi, one upon 
cat's dung, and another on dead spiders. Some species of 



laaria grow upon dead hymenopterous insects, others grow 
upon living bees and wasps. One species of Iiaria grows 
in this country on dead pupm, another on dead moths ; 
but it is known that these creatures ate attacked by the 
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fimgas whilst they are still alive. The Ulastration at Fig. 
21 shows a wasp, twice the natural size, as canght in a 
living state in this conntiy, languidly flying about with a 
fongos bniden, which may either be a Stilbum, as figured 
by Charles Robin in his HisUire NcUureUe des V^g^tavx 
ParoiUes (Paris, 1853), or an abnormal form of the 
liaria condition of the fungus known as Torrubia spheco- 
cephala, KL 

The genus Isaria amongst fungi represents an eaiiy or 
larval state of another and more perfect genus of fungi 
named GordicepSy from the Greek kordyle, in allusion to its 
clublike shape, a genus termed in more modem books 
Torrubia. 

Now the species belonging to Gordiceps or Torrubia 
(certainly in many instances the perfect state of Isaria) 
are equally curious in their habits with Isaria itself; 
some grow on larveo and pupea, even when buried in the 
ground ; two grow on subterranean truflles, and it is 
remarkable that two distinct species of Torrubia attack 
two equally distinct truffles ; another species grows on 
Wych elm twigs. It is well to mention at this place 
that Torrubia is very closely allied to the fungus named 
ClavicepSf which is the perfect condition of the dangerous 
ergot of rye. 

As it is quite possible that Isaria fuciformig, B., may 
be an early condition of a Torrubia belongmg to an insect 
or plant host, a brief description of one of the species of 
Torrubia may be useful The genus Torrubia is named 
in honour of a Spanish botanist who wrote a work on 
<< vegetable wasps." A Torrubia parasitic on the truffle 
named Elaphomyces muricaJbuSy Yitt, is fairly com- 
mon. This curious parasite is named Torrubia ophio- 
glos8oide8, Tul., the specific name having reference to a 
fanciful resemblance between the head of the perfect 
fungus and a serpent's tongue. This Torrubia is repre- 
sented, natural size, at A, Fig. 22, attached to its peculiar 
host or truffle, R The club-shaped top of the Torrubia 
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act condition of TomMa otthloglmaoidts, Tul. ; pmslUo b 

truffle Etaphtftayca varUgatna, ViCt. 

HBtnnl Blu, and enluged I, ZOO, and lODO d[unet«n. 
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at A is shown in section. This upper part of the fnngus 
is technically termed the gtroma, meaning a coverlet ; and 
immediately under the surface of this clublike stroma or 
coverlet are numerous minute embedded flasks, as illus- 
ti*ated. These flasks are termed perithecia, in reference to 
their function, which is to enclose a number of transparent 
bladders or thecoe. The number of contained bladders in 
each perithecium is about one hundred. At C some of 
the perithecia embedded in the stroma are enlarged five 
diameters, and the upper perithecium is shown in the act 
of discharging the contained spores. If, with the point of a 
needle, we remove a few of the transparent thecae, bladders, 
or asci, and magnify them 200 diameters, we shall see them 
as at D E F. An ascus is represented, packed with its 
eight spores, in situ at D ; the top of the open ascus is 
shown at E with the eight hairlike spores escaping, and 
F shows an empty ascus after all the spores have been 
expelled. If we now leave the Torrubia and examine the 
truffle, we shaU find its inner mass densely packed with 
its own spores, also contained in transparent bladders ; 
but the truffle spores are spherical in form, blackish-brown 
in colour, and packed in twos, threes, or fours in the asci 
(not in eights as in the Torrubia). Some of the Elapho- 
myces spores in an ascus are illustrated at G, enlarged, 
like the asci and spores of the Torrubia, to 200 diametera 

The spores, or necklace-like chains of sporidia, of Tor- 
rubia ophioglossoides, TuL, are amongst the most wonderful 
objects of the vegetable kingdom. One of the eight chains 
from an ascus is enlarged to 1000 diameters at H. 

To sum up the characters, the Isaria is perfected early 
in the season, and is capable of reproducing itself by its 
own spores or conidia, as shown in Figs. 19 and 20. 
Later in the season the mycelium of Isaria often produces 
a Torrubia, A, Fig. 22 ; and the latter plant, instead of 
producing free, dustlike spores from the naked apex of 
its branches, as in the Isaria, produces spores or sporidia 
in the form of long chains enclosed in transparent flasks, 
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these flasks being enclosed in larger bladders termed 
perithecia, and tbe whole embedded in the club-end or 
stroma of the TorruUa. It is obvious that in the latter 
position the sporidia are well protected by three different 
enclosing walls, one within the other, and there can be 
no doubt that these contrivances aid the contained spores 
in tiding over vicissitudes of rain, drought, and frost during 
winter. When the spring comes the stroma softens, the 
mouths of the perithecia open, the asci sail out and burst, 
and the chains of spores are set free in the air. These 
chains speedily ML to pieces, as illustrated at J, enlarged 
1000 diameters, and each fragment or sporidium on 
germinating is capable of producing, not a TorrvMa but 
an Isaria, How small these numerous reproductive 
bodies are may be judged from the fact that it would 
require two hundred millions of them to cover a super- 
ficial inch. Every plant of TorruUa ophioglossoides, TuL, 
sets free at least ten millions of these reproductive bodies 
every spring. 

Before dismissing TorrvJbia ophioglossoidesy Tul., a curious 
fact regarding it may be mentioned. As it is parasitic 
on an underground truffle named Mlaphomyces muricatuSy 
Vitt., the question presents itself, How can the exceedingly 
minute spores of the TomMa reach the subterranean 
truffle, buried, as it is, some four or five inches beneath 
the ground, in places often thickly covered with brambles, 
ferns, and moss ? The explanation of this phenomenon is : 
The spawn from which the TorruJna springs grows in the 
first instance, over a common moss named Mnium hmmumy 
Hedw., sometimes given as Bryum homymv, Sw., illus- 
trated natural size at Fig. 23. The spawn or mycelium 
of the TorrvMa is yellowish, and when this yellow spawn 
once fixes on the moss it goes from leaf to leaf, from stem 
to stem, and from root to root, till sometimes a large 
patch of this common moss is covered with the yellow 
sticky threads of the curious Tori-ubia mycelium, which is 
really now running from plant to plant in search of truffles. 
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It is an above^round truffle-hunting mycelium. If there 
are no trufilea Id the wood, the mycelium, of course, 
perishes ; hut in some other wood where the mosa grows, 
the truffles will certainly occur. When the mosa does 
grow in the same wood with the truffle, the paraaile is 
certain to descend by the roots, and ao find the sahterra- 



Afnfum ftomu?!!^ Hcdw., iDvaded b^ the mjc^lfuv 



nean Ehphomgcei. The truffle usually grows some four 
or five inches beneath the surlaoe of Ihe ground, and 
seldom so near as two inches, as shown in iUustratioa at 
Fig. 22, where KK shows the ground line, and LL the 
apawu belonging to the Tomtbia connected with the truffle 
below at B, 

It is a curious fact that field mice, and probably several 
other small mammals, are extremely fond of the truffles 
named Elaphcrmycei {&om elaphas, an elephant, and 
mtikes, a fungus), and these little anim alH are continually 
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scratching about for the truffles. There is a kind of race 
then between the mammal and the mycelium for the 
underground fungus. 

Botanists, who search for truffles always know where 
the Elaphorm/ces is to be found by looking for the spawn 
of the Tomibia on the moss. The spawn-covered moss 
points out the position of the truffle, as surely as the 
bird named the Great Honey Quide, Indicator majoTy 
Steph., leads hunters to bees' nests in Africa. 

A closely allied species of TorrvMa^ named T. militarise 
Tul. (in the older books Gordiceps or SphoBrta), of bright 
scarlet colour, is extremely common in Britain in the 
autumn and early winter, growing from dead pupsd buried 
in the ground. The fungus resembles a scarlet club, 
about an inch or an inch and a half high. It grows in 
pastures and grassy places, where larvae have buried them- 
selves. The mycelium grows within the body of the 
pupa, and the scarlet club commonly grows from the first 
joint behind the head. The anatomical characters of T, 
militaris, Tul., agree generally with T, ophioglossoides, Tul. 

The Isaria disease possesses considerable interest on 
account of the popular belief that it is capable of greatly 
injuring, and indeed of killing the cattle that feed upon the 
grass infected with it. In September 1880 an instance 
occurred where two cows died in an J«ana-infected dis- 
trict from an affection of the lungs ; and when a post- 
mortem examination was made it was found that the lungs 
were covered with a fungus-like growth, not unUke, it is 
said, the appearance presented by the throat in diphtheria. 
The veterinary surgeon who conducted the examination 
declared his opinion that the fatal ailment had been con- 
tracted from the Jsano-infected grass. The same medical 
practitioner is said to have fed two rabbits on infected 
grass only, and that they both died therefrom. It is, 
perhaps, unnecessary to say, that these cases are far £rom 
being proved. At the same time, it would not be wise to 
immediately say that such cases are impossible. In favour 

F 
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of the doctor's view it may \>e called to mind that eeveial 
members of the genus of fangi to which laaria belongs, 
grow naturally on living animals. 

It is not usual for fungi to grow on living or, indeed, 
dead animal material, yet botanists are familiar with 
several such examples other than the ones already dted. 
The familiar fungus of the salmon disease, Saproleffnia 
feraxy Kutz., is one, and the white dusty fungus named 
Em^piLsa mtuccBf Cohn., so common on flies on our window 
panes in autumn, another. This is said by some observers 
to be merely a second condition of the Saprolegnia, The 
ringworm fungus Oidium porriginis, Mont., is another 
example ; Microcera coccophUti, Desm., a parasite of Coeciy 
— insects of the American blight class, — is a third ; 
Orvygena equina, Pers., which grows on the hoofs of dead 
horses, is a fourth, and the list might be greatly extended. 
Fries has described an Agaricus, named by him A, 
nobuseomsy growing on the carcass of a wolf, and A, 
ogtreatuSj Jacq., has been seen in this country by Mr. C. 
B. Plowright growing on the dead body of a stranded 
whale ; Onygena optw, B. and Br., is not uncommon on 
bones. These instances are not mentioned with the view 
of showing that Isaria fuciformiSy B., is capable of killing 
cattle, but to indicate that other and, in some instances, 
closely allied fangi can support themselves on living and 
dead animal substances. 

It is extremely difficult to suggest any means for the 
destruction of the Isariay partly because the fungus feJIs 
from the grass to the ground on the slightest touch, and 
partly because so very little is known of the fungus or its 
habits. The whole subject requires investigation. Some 
crops might be saved by removing the greater part of the 
grass before September, or by the substitution of some 
crop on which the Isaria could not grow. As humidity 
probably favours the growth of the pest, good and careful 
drainage might prevent its spreading. No doubt many 
insects carry the conidia, or spores, from place to place 



xii.] NEW DISEASE OF GRASS. 67 



on their bodies, and so infect previously tmtainted 
districts. 

Towards the end of 1883 Mr. Greenwood Pirn, M.A., 
F.L.S., and Dr. E. P. Wright, A.M., F.L.S., detected Isaria 
fudfomm^ B., growing in a new position, viz. on grass 
belonging to a silo at the Albert Model Farm, Glasnevin, 
Co. Dublin. Mr. Pim kindly forwarded examples to us, 
and he soon afterwards published an illustrated account 
of the discovery in the Gardmeri Gh/ronicle for 2 2d Decem- 
ber 1883. Mr. Pim's examples were remarkable for 
being infested with a parasitic fungus, and one apparently 
till now undescribed. The parasite grows on the Isariay 
breaks up its tissues, and more or less absorbs its crim- 
son colour. The parasite is a Saprolegnia allied to S,feraXy 
Kutz., of the salmon disease, but different in many im- 
portant characters. 

The new parasite, which may be termed Saprolegma 
phiUym/ukes, W.Sm. (from sa/prosy decayed ; legnon, a fringe 
or border ; phileo, I love ; and mukesy a fungus), is illustrated 
at Fig. 24, enlarged 400 diameters. The circular bodies 
are sporangia, zoosporangia, or spore- cases of unusually 
large size, and filled with small motile spores or zoospores. 
In the largest sporangium illustrated it will be seen that 
the zoospores are germinating within the sporangium, and 
protruding their germ tubes through its gelatinous wall. 
A remarkable character in this parasite is found in the 
septate or jointed mycelium, an unusual character in the 
Saprolegniece, in the mycelium carrying numerous conidia, 
as at AA, and in the sporangia and mycelial threads often 
becoming confluent, as at B, 0. In the Dublin examples, 
the sporangia were so abundant that all parts of the 
Isaria threads were covered, they were so crowded together 
that they took pentagonal and hexagonal instead of cir- 
cular forms. Many sporangia were sessile, or intercalated 
in the mycelium, whilst others were shortly stalked. 
Antheridia (male organs described under the fungus of 
the potato disease), as at D, were rare : the jointed my- 
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celinm formed a. dense tranepEirent atratum over the tioel 
plant. In some places tlie parasite was colonrleaa, like 



Fio. 24. 
iafiicifonati, B. ; SapnUgaia jiUkmuka, W.Sm. 
Enlarged tOO diametsra. 



SaproUgnia phihmvlces, W.Sm., WKwporaagia, very large, 
tbick-walled, sessile, shortly stalked, or intercalated in the 
mycelium, sometimes confluent with each other, all bear- 
ing zoospores, which often germinate whilst still in gUu. 
Antheridia elongated, rare ; mycelium profusely septet*, 
somewhat tomlose, filled with colourless or rose-colour«d 
protoplasm, and bearing many small ahortire sporangia 
or conidia. 

We have seen a similar plant on fm^ with oo^res 
as well as zoospoies. 



CHAPTER XIII. 

8TEAW BLIGHT, 

Under the name of Straw Blight agriculturists are well 
acquainted with a peculiar diseased condition of the living 



Fingmeuta of dlaeased Wbeat SMms. Enlaiged 5 diamelers. 

etems of wheat, barley, rye, and other graesefl, which 
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commonly makes itself apparent in midsummer by the 
impoverislied appearance of the flower-spike. Sometimes 
the disease occurs in spring, and then it often proves fatal 
to the plants attacked. 

Straw blight is caused by the attack of a fungus on 
and in the straw at a point close to or very near the 
ground. The fungus growth seldom reaches so far up the 
stem as the second or third joint, the attack being more 
frequent below the first joint from the root, and close to the 
ground. It is superficially recognised by brownish disease- 
spots outside the straw, as illustrated at AA, Fig. 25, 
enlarged 5 diameters ; but if the straw is carefully cut 
longitudinally with a sharp knife, it wOl be seen that the 
disease is by no means superficial The disease-spot goes 
through the solid wall of the hollow stem, and in typical 
examples the hollow part will be more or less filled with 
loose flocculent material, as illustrated at BB. This floccu- 
lence is really the mycelium or spawn of a fangus. Hay- 
ing now obtained a clue to the nature of the so-called 
blight, an excessively thin and transparent atom must be 
sliced off from the exposed surface of one of the brown 
disease-spots with a lancet, and this slice highly magnified. 
If we enlarge this atom 200 diameters, and examine at it 
as a transparent object under the microscope, we shall prob- 
ably see it as illustrated at Fig. 26. The base of the 
illustration shows the cells of the solid part of the straw 
in transverse section, whilst the -main part of the illustra- 
tion shows the stem in longitudinal section : the bottom, in 
fact, represents the base of the minute transparent atom 
sliced off We now see the spawn threads distinctly ; they 
are transparent or nearly so, and so fine and attenuated 
that (as may be seen by the thinner lines of the illustration) 
they are less in thickness than the waUs of the microscopic 
cells, of which the straw stem itself is built up. They will 
be seen to branch, and apparently pierce the cell-walls 
both vertically and horizontally, and in old examples to 
almost fill the hollow of the stem. A close examination 
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will show tliat in a few places there are traosveTse joints, 
stops, or »epla in the threads of spawn, as illuetnited in 
the separate thread on the left of illustration, enlai^ed 



1000 diameterB. It ia a most unusual thing to see a 
fungus spawn without these stops, although they i 
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much more common in some fungi than in others. The 
stops or transverse partitions represent a slight temporary 
rest in the growth of the threads. For a brief period 
the spawn has exhausted its powers of extension, and a 
septum or transverse wall is formed across the thread, 
and from this point a new and vigorous start is com- 
monly made. 

As the fungus -spawn of straw blight apparently 
possesses the power of piercing the walls of the cells 
of which the straw is built up, it follows that all 
parts of the straw are Hable to be infested and 
pierced. This piercing causes a fatal injury to the cell- 
structure, and every farmer knows that if his plants are 
attacked by this blight whilst the crops are still young, 
the growth will be stopped. The walls being pierced the 
flow of sap is arrested, and the upper part of the plant 
perishes from want of nutriment. In the older plants 
the stem is often observed to throw out new roots from 
the joint above the diseased part ; and if these new roots 
are able to reach the earth, they sometimes carry on the 
life of the plant in place of the old roots, which are more 
or less cut off from the stem. The new roots are never 
quite effectual in keeping up the supply of food and life, 
and a stem once attacked by straw blight is said to never 
entirely recover. 

It is curious that no one has at present recorded the 
perfect form of the fungus which must^ under favourable 
circumstances, arise from this spawn. Such a barren 
condition in mycelia is. not uncommon ; the fact often 
holds good with fungi that there is an enormous 
development of mycelium but no perfect fungus. There 
are many more or less barren mycelia well known to 
botanists, such as the orange-coloured fungoid growths 
known as Ozoniumy Byssus, Ehizomorpha, and many 
others. In some instances, as in the grape mildew, the 
spawn proceeds one step farther and produces what is 
termed an Oidvu/m, which, like the Isaria last described, 
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is really a kind of larval condition of some more per- 
fect fungus, the ultimate form of wMcL has perhaps 
never been seen, or, if seen, has not been recognised. 
The nature of Oidivm is described under the Oidivm 
of the turnip and under grass blight, Erysvphe graminis, 
D.C. 

Grasses both wild and cultivated, living and dead, are 
subject to the attacks of so many fungoid assailants that 
it would be almost useless to guess at what the perfect 
form of the fungus of grass blight might be. The 
GraminecB and CyperacecB are unusually subject to the 
attacks of fungi. Many of the pests are, however,*super- 
ficial, and do not possess the power of piercing and 
traversing the cellular tissue. All, however, are ob- 
jectionable, as they not only reduce the crop, but more 
or less lessen its value as food. The phenomenon of 
piercing the cells in the fungus of straw blight reminds 
us of the corrosive mycelium of the fungi of the potato 
disease found under Peronospora, Several species of 
FiLsisporitim have been, detected on cereals, but the 
mycelia of these as seen by us do not well agree 
with the spawn of straw blight A fungus named 
Fusisporium insidiosumy Berk., a parasite of the grass 
named Agrostis pukhella, Kunth., is by no means well 
known, and requires further attention. 

The loss to farmers from straw blight ranges from one- 
half to one -fiftieth part of the crop, according to the 
virulence of the attack ; but the blight is erratic in its 
appearance, sometimes temporarily vanishing, and then 
returning with great activity. Like some other mildews 
and blights, but not aU, straw blight is fostered by a 
continuance of warm, wet weather. 

As the growth of straw blight is promoted by moisture, 
it seems probable that if the quantity of water about our 
cereal crops in wet seasons could be lessened by perfect 
drainage, the amount of destruction from straw blight 
would be less. Wheat and barley are not generally 
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grown in wet, peaty places, yet in the alluvial flats be- 
longing to some rivers, and where good drainage is 
difficult, these crops may often be seen. No doubt per- 
fect drainage would considerably lessen the losses com- 
monly entailed by attacks of straw blighL 



CHAPTEE XIV. 

SURFACE MILDEW OF TURNIPS. 

Oidium Balsamiiy Mont. 

The mildew of turnips, named Oidmm BcUsamii, Mont., 
is often confounded with the true putrefactive mildew of 
the cabbage tribe, named Peronospora parantica, Pers. 
The two are indeed so much alike to the unaided eye 
that it is often impossible for even an experienced ob- 
server, without a lens, to distinguish one from the other. 
As if to make the subject still more involved, it fre- 
quently happens that the two fungi grow in company on 
the same host plant. They are, however, wholly dis- 
tinct from each other, both in habit and structure. 

The name Oidivm is derived from the Greek oon, an 
egg, and eidos, resemblance, and refers to the usual egg- 
shaped form of the spores or conidia. In the present 
instance the generic name is not very appropriate, for the 
conidia are somewhat barrel-shaped. The specific name 
BaUamii was given in honour of Balsamo, a Milanese 
gentleman, who first noticed the species. When first 
detected the fungus was growing on a Continental species 
of Mullein, named Verbaacvm montanwmy Schrad. We 
have this plant in our gardens, but the fungus is more 
common here on the Black Mullein, Verhascum nig- 
rvm^ L. ; it also grows on cultivated strawberries. In 
the latter case the fungus makes its first attack on the 
leaves, and then speedily invades with increased vigour 
the flowers and footstalks, ultimately inducing the 
wretched appearance so well known in connection with 
grape vines when attacked by the allied fungus named 
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Oidivm Tuckeri, £. Althougli several species of CHdivm 
have been recorded from Scotland, Oidium BcU&amii, 
Mont., has not yet been detected there. If it really 
grows so far north, it could hardly have been over- 
looked, as it is a remarkable species. 

Oidium Bakamii, Mont., first attracted attention as a 
pest of turnips in September 1880, when Prof. James 
Buckman, F.L.S., of Bradford Abbas, Dorsetshire, saw the 
fungus growing in such profusion over hundreds of acres 
of Swede turnips that the boots and clothes of persons 
walking through the turnip fields were whitened with 
the spores. Until 1880 the fungus was not supposed 
to be common in Britain ; and it is remarkable that the 
same fungus should be found growing upon three different 
natural orders of plants, viz. the ScrophulariacecB, the 
BosacecB, and the Grudferas, Some farmers say the* plants 
produced from early sown seeds are the most subject to 
this mildew. It first attacks the lowermost leaves, and 
then quickly covers every part of the affected plant 
The presence of this pest, which is now known to be a 
common and injurious mildew of turnips, generaUy fore- 
shadows a deficiency of roots. 

To the unaided eye the foliage of affected Swedes is 
white on both sides when attacked by the mildew ; but 
when seen under a low power of the microscope this 
white coating resolves itself into a dense felted mass of 
spider-web-like threads, dotted all over with innumerable 
barrel-shaped spores. 

The higher powers of the microscope are required to 
show the exact nature of the Oidium of turnips. A 
minute fragment must be cut from an infected place on 
a turnip leaf, and from this fragment an exceedingly thin 
transparent slice should be cut. When placed in a dry 
state under the microscope it must be specially noticed 
that the fungus growth is whoUy superficial, and that no 
spawn threads belonging to the Oidiv/m occur within the 
leaf. In this respect the Oidivm essentially differs from 
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the Peromiqxira, nest described in this work. When a 
minute elice, as just mentioned, is examined under the 
microscope and enlaiged 400 diametera, it will be seen as 
illuBtrated at Fig. 27. The fungus grows on both sur- 
faces of the lea^ and epiings in both positione from a 



dense stratum of matted and jointed spawn, as sbown at 
AA. From these horizontal spawn - threads arise in- 
numerable vertiaal club-shaped growths, each club being 
furnished with three joints and snrmonnted by a barrel- 
shaped epore or conidium, as shown at BB. The cells at 
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CC, represent the lowei- cuticle of the lea^ whilst the 
openings at D D D, show the atomata or atgans of trans- 
piration. It will be obBerred that the spawn of the 
invading fnngoH does not enter the stomata ot troveree the 
intercellnhti apaces of the ieaf, such as are shown at 
E E E. The barrel-shaped sporea or conidia of this 
fungus are bo nniuerous that more than 10,000 are 
prodnced on every square inch of leaf Borface, and ever; 



Germinmtlne Spore enliirged 

tiimip leaf will carry on its two sur&ces a millioa or 
more of these reproductive bodies. 

The spores germinate very readily, for they Have only 
to be dusted on to clean glass and kept moist, under a 
bell-glaae, when they will be seen to germinate at once as 
illustrated at Fig. 28, enlarged 1000 diameters. The 
germinating couidium bnrsta at one comer as at A, and 
from this comer the contained protoplasm or vital 
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material streams in tlireadlike form, and from this thread 
new clubs immediately arise. Four of these bodies, in 
different stages of growth, are shown at B, C, D, and E. 
The surface of one of the organs of transpiration is shown 
at F, over the opening of which a thread of mycelium has 
passed. 

This Oidium chiefly injures the turnip by weaving a 
thick web of mycelium over the organs of transpiration. 
The spawn effectually stops the passage of watery vapour 
from the interior of the affected plant, and so puts an 
end to one of its chief vital functions. The general 
result is an arrest of growth, and ultimately a poor crop 
of roots. 

Oldivm Bahamii, Mont., is supposed to be an early 
condition of some more perfect fungus, probably an 
ErynpJie, such as one sees on the hop, on roses, on mil- 
dewed grass, and on peas. The two latter species of 
Erytvphs are referred to in detail farther on in this work. 
Important as this Oidivm is to agriculturists, no one at 
present has worked out its life history or knows whence 
it comes, where it goes, what other form it takes, or how 
it hibernates through the winter. The fungus is more 
prevalent when a humid September follows on a dry 
August. 



CHAPTER XV. 

PUTREFACTIVE MILDEW OP TURNIPS AND CABBAGES. 

Peronogpora parasiticcb, Pers. 

The fangas whicH causes this disease frequenlly accom- 
panies Oidium Bahama, Mont., already described, bnt it 
differs entirely from it both in anatomy and nature. 
When a Peronospora infected leaf is examined with the 
unaided eye, the thick white bloom on both sides of the 
leaves, as in CHdiwrn Balsamiiy Mont., is never seen. 
The Peronospora appears as a thinner, more scattered bloom 
on the nnder side of the leaves only, and generally 
borders paUid, discoloured, and decomposed patches on 
the leaf. A profuse growth of Peronospora is not to be 
distinguished &om a slight growth of Oidiy/my without 
the aid of a lens. 

If a small piece of the leaf of a turnip infected with 
Peronospora parasitica^ Pers., corresponding in size and 
thinness with the Oidium infected slice already described, 
is placed under the microscope and examined, it will be 
seen, if enlarged to a scale one-half that of the last, viz. 
200 diameters, like the drawing at Fig. 29. The first 
point to be especially noticed is, that the spawn which 
gives rise to the fruiting threads of the Peronospora mil- 
dew is inside the leaf, as shown between the letters A and 
B. These letters indicate the upper and lower surface 
of the leaf. The spawn threads are stout as compared 
with many other mycelia, and have very few septa or 
stops ; they are notably furnished with numerons 
haustoriaf — ^from haustor, a drawer, — or little suckers, as 
shown at C. The suckers attach themselves to the 
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constituent cella of the leaf, and the mycelium aets up 
(lecompoaitioQ in every part of the leaf with which it 
comes into contact. 
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The upper surface of a turnip leaf is shown at A, and 
the lower surface at 6, and it will be seen at once that 
the spawn threads within the leaf are of too great a 
diameter to emerge through the little lancet-shaped 
orifices of the stomata. When the fungus threads from 
within approach the little openings of transpiration in 
their growth outwards, they slightly contract in dia- 
meter, form a stop or joint, and then, instead of emerging 
through the stomata with a pointed end, they present 
a chisel edge to the mouth of the pore, which exactly 
suits the shape of the little lanceolate opening. This 
mode of emergence is shown, enlarged 1000 diameters, 
on the left hand lower illustration of Fig. 30. The stems 
of the fruiting threads are therefore not truly cylindrical, 
but, when seen in section, present a flattened oval form as 
illustrated. As the stem now gradually grows upwards 
it usually twists round once upon itsell This twisting 
habit is dightly retained by all the numerous branches and 
branchlets of the fungus. The upper part of each stem of 
Peronospora ^parasitica, Pers., is very much branched and 
rebranched, and each little branchlet carries a compara- 
tively large ovate, almost globular spore, as shown, enlarged 
1000 diameters, in Fig. 30. The spores or conidia 
usually germinate by bursting at the side, and the pro- 
truded vital material or germ tube has the power of 
piercing the cuticle of cruciferous plants. Although repre- 
sented in the drawing as growing in an upright fashion, 
the real growth of every Perorwspora is of course down- 
wards from the under surface of the leaf. Now, if the 
illustrative drawing is turned upside down to present the 
Peronospora in a really natural manner, the resemblance 
of the fungus to a minute bunch of grapes is a striking 
one. From this resemblance the genus now termed 
Peronospora was for many years known as Botryiis — ^from 
hotrySy a bunch, in reference to the resemblance to a 
bunch of grapes. 

No zoospores have been detected in this species, but, 
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Pig. 30. 

Peronoapora parasitica^ Ten. 

Spore and Conidiophore emeiging through an organ of transpiration. 

Enlarged 1000 diameters. 

like the Peronospora of the potato, it produces oospores or 
resting-spores ; the resting-spores act as seeds, and carry 
on the life of the fungus in a hibernating state through 
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the winter. The resting -spores, which were first de- 
tected in turnips in 1849 bj Mr. C. Edmund Broome, 
M.A., F.L.S., of Batheaston, Bath, were figured by Dr. 
Montagne, and named by him (like the similar bodies 
found in diseased potatoes) Artotrogus, The resting- 
spores or oospores of Peronospora parasitica, Pers., are 
often extremely common in rotten turnips and mangel- 
wurzels, as found in the fields in autumn. These roots 
are often destroyed by a combined attack of the putre- 
factive mildew of turnips and the fungus of club -root, 
described further on in this work. In order to see the 
resting-spores, portions of the brown decayed substance of 
the diseased root should be looked over till the oospores 
are found. The less ripe examples are smooth outside 
or slightly granular, and the more mature specimens are 
beautifully echinulate, as illustrated, enlarged 400 dia- 






X'400' 

Fio. 81. 

Resting-spores or Oospores of Peronospora parasUica, Pers, 

Enlarged 400 diameters. 

meters, at Fig. 31. Dr. Montagne and Mr. C. E. Broome 
first observed this fetct in 1849, for on the original draw- 
ing in the possession of the Rev. M. J. Berkeley the 
smooth form is labelled " sp, jun," and the nodulose form 
"Tnatur," In colour the resting-spores are yellowish- 
brown. The examples found by Mr. Broome in 1849 ; 
those illustrated by Professor de Bary in 1863, Ann. Sc, 
Nat,y 4 ser., vol. xx. — again by him in the Beitrage zwr 
Morphohgie und Phymlogie der Pilze, 1881, pi. 1, under 
the name of Artotrogus hydnosportis, Mont, (see also Gar- 
dener^ 8 Chromcle, April 26, 1884, p. 644) ; and the speci- 
mens shown at Fig. 31, agree in size, character, and colour. 
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The resting-spores of this fungus have also been detected 
in the wallflower, Gheiranthus Gheiri, L. ; the Shepherd's- 
purse, Gapsella Bursa -pastoris, D.C. ; Gamelina sativa, 
Cranz., and in other plants. 

Feronospora pa/msitica, Pers., not only grows on the 
wild and all the cultivated varieties of the cabbage and 
turnip, Brassica oleracea, L., and B. campestris, L. ; but it 
often grows on Whitlow Grass, Draba vema, L., and on 
the Shepherd's -purse, Gapsella Bwsa-pastons, D.C, in 
company with one of the white-rust fungi named Gystopus 
ccmdidus, Lev., described farther on. It also grows on 
Garlic Mustard, Alliaria officinalis, D.C; Pennycress, 
TMaspi arvense, L. ; Tower mustard, Arahis pevfoliata, L. ; 
Coral root, Denta/ria buUdferay L. ; D. heptaphyllos, Clus. ; 
Neslia paniculata, Des. ; Hairy Bittercress, Gardamine 
hdrsutay L. ; Narrow-leaved Bittercress, G, i/mpatiens, L., 
and other plants. 

The many conmion weeds just mentioned act as nurse 
plants for the putrefactive mMew of our turnips and 
cabbages. The fungus lives through the winter in a 
hibernating state not only in rotten turnip and mangel 
roots, but in the decaying remains of Ih extremfly 
common weeds as the Shepherd's-purse and other worth- 
less plants. It is obvious, then, that it is not only desirable 
to bum all fungus-infected turnip and cabbage material, 
but as far as possible to keep the fields and hedgerows 
clear from the cruciferous weeds just mentioned. It 
may be answered that it is impossible to keep down the 
weeds and bum the decaying cruciferous rubbish. This 
may be partially true, but the moral to be drawn from 
the life history of this frmgus is. Do not let putrid refuse 
and worthless and dangerous weeds interfere more than 
is necessary with the healthy growth of food-plants. 
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manner in the diaease poetules, the epidemuB of the host 
plant buTBtB in an irtegulai manner, and the conidia are 
Eet free. Each conidinm ia filled with finely granulated 
protoplasm or vital material 

When the conidia approach maturity in damp air or 
water, the interior anbattmce of each may be seen divided 
into a deiinite nmnher of portions, generally from five to 
eight ; each portion presenting a pentagonal or hexagonal 
form bounded by a white line, precisely in the manner of 
the conidia of the fungus of the potato disease described 



Ci/fifopid aindhiuf. Lev. 




id low diimetan. 



farther on in this work. Each of the contained portdona 
within the conidium is now really a secondary spore, and 
the body which was at first a simple conidium has now 
become a sporangium or spore case — technicaUy, in this 
instance, called a, zoosporangium, or case containing zoo- 
Bpores or spores endowed with an animal-like motion. 
If we take a perfectly ripe conidium, sporangium, or 
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zoosporangitim, and enlarge it 1000 diameters, we shall see 
it as at £, Fig. 32 ; the former point of attachment is seen at 
F, and the sporangium is shown in the act of discharging 
its differentiated contents, in the form of zoospores, from 
its apex. These secondary spores were at first the poly- 
hedric contents of the sporangium ; but as they emerge in 
water or on any damp surface the angles become rounded, 
and they are at last expelled as minute ovoid bodies as 
illustrated at G. At first these small secondary spores or 
zoospores remain immovable at the mouth of the burst 
sporangium ; soon, however, they begin to slightly oscillate, 
and two excessively attenuated hairlike cilia are de- 
veloped from beneath as at H. At a special moment the 
foremost cilium is distended in a straight line as shown, 
whilst the hindermost cilium at the same time suddenly 
quivers, and the zoospore sails away over any moist 
surface, as if endowed with animal life. Each zoospore 
exhibits within one or more lustrous, perhaps contractile, 
vacuoles. 

The phenomena just described can only be seen when a 
zoosporangium of the white-rust fungus, has been placed 
in water upon a glass slide, and viewed under a cover- 
glass with a high power of the microscope. In dry air 
no differentiation of the contents of the conidium takes 
place. It is certain that rain, dew, or moisture of some 
sort is essential for the bursting of the sporangia and the 
expulsion of the zoospores. The bursting, as seen in 
water, under the microscope takes place in an hour or 
two i^ter immersion ; the conidia retain the power of pro- 
ducing zoospores for about a month. The zoospores are 
able to swim about for several hours ; their cilia then 
vanish, the zoospore retakes a globular tailless form, 
bursts as at J, produces a germ tube, and this germ tube 
is then a spawn thread of white rust capable of pro- 
ducing a new series' of clubs capped with zoospore- 
bearing sporangia. 

It is obvious from the above description that the white- 
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rust fungus is carried from one leaf to another, from one 
plant to its neighbouring plant, and from weeds to food- 
plants, in damp, rainy, or misty weather, by the microscopic 
zoospores sailing about over moist siurfaces. There can 
be no doubt that they are also carried about in damp air, 
in currents of wind, and that birds, insects, and other 
animals help to carry the living conidia and zoospores 
from place to place. 

As a rule conidia, zoospores, germ tubes, and fungus 
spawn are very liable to perish; too much dryness, a 
superabundance of moisture or frost, will quickly destroy 
them. 

Three questions now present themselves to us — How 
does the white-rust fungus tide over the winter ? Where 
is it hidden? How does it suddenly reappear in the 
spring? In the case of many plant diseases, as in the 
surface mildew of turnips, Oidivm Balsarmi, Mont, already 
described, no one is able to answer such questions ; but 
with the white-rust fungus and several of its allies the 
knowledge has been obtained, and a satisfactory answer 
can be given. It has been already stated that the spawn 
or mycelium of Oystopus grows within the leaves and stems 
and burrows amongst the intercellular spaces of the host 
plant. It not only bears the chains of spores already de- 
scribed, which, when ripe, are blown away by the wind, 
but it carries other bodies within the substance of the leaf. 
These latter organs roughly answer to the pistils and anthers 
of flowering plants. The first bodies are female, and are 
termed oogonia ; these are large globular cells in which 
the female reproductive bodies, or oospheres, or sometimes 
zoospores, are formed. They generally grow on terminal 
branches of the mycelium; sometimes they are sessile 
or nearly so, or they may be intercalated in the my- 
celium itself. An oogonium is illustrated, enlarged 400 
diameters, at A, Fig. 33. The oosphere, filled with 
granular protoplasm or vital formative material, is seen 
within. Other organs borne on the mycelium are male. 
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and termed, in teferenM to their nature, antheridia, or 
organs answering to the anthers of lowering plants. In 
the course of growth the antheridium comes in contact 
with the oi^oninm as at B, and projects a fine beak 
through its wall, till it pierces the ooBphere within as at 
C. This is the act of fertilisation answering to the dis- 
chaige of pollen on to the Btigma in flowering phmts. 
In the same way as an ovule becomes a seed after 



CK^miuin with Antheridium anil Reating-BporeB, or Oonpores of Cyiloput 
caiuHdat, Lev. Eolarged 100 diametera. 

ferdlisation in flowerii^ plantf, the ooephem becomes an 
ootport or egglike Bpore, after the contact of the antheridtum 
with the ooHphere. The now fertile ooBpore within the 
oogonium grows and matures itself whilst still witbin the 
supporting leaf or stem for many months, generally for 
the greater part of a year, and it does not become perfectly 
ripe till the host plant has decayed. Although the 
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cabbage leaf which carried the Gyitopus may be dead and 
putrid, or reduced to tinder by drought and frost, the 
oospores or resting-spores remain aUve and nninjured, in 
a dormant state. They change in colour and form, from 
almost colourless smooth spheres to amber-coloured, warted, 
globular bodies, as illustrated at D. They are best seen 
in the putrid remains of plants which have been destroyed 
by the white-rust fungus. In good material the amber- 
coloured oospores will be seen closely packed together in 
the decayed leaf or stem in enormous numbers. The best 
plan for obtaining resting-spores is to collect leaves in- 
fested with white rust and allow them to decay upon a 
garden bed ; after the diseased leaves have perished the 
oospores will be found during the winter or the following 
spring in the decayed fragments of foliage. 

The oospores germinate on the ground during wet 
weather in the spring ; but the germination may be 
easily observed in water under the microscope. After a 
few ripe resting-spores have been placed in a drop of 
water they will speedily burst, either at once, or in a day 
or two, according to the state of their maturity. They 
germinate by bursting, as illustrated at Fig. 33, E ; a 
transparent inner membrane is protruded, and the con- 
tained protoplasm, which at first is differentiated into 
numerous polyhedric portions, at length resolves itself into 
a large number of oval zoospores as at F. Soon the trans- 
parent investing membrane is ruptured, and the zoospores 
sail out as at G, thus repeating, after from six to ten months' 
rest, the phenomenon described as belonging to the chains 
of conidia illustrated in Fig. 32. The zoospores produced 
by the conidia are precisely the same in size and habit with 
those produced by the oospores ; in both instances they 
germinate in the same manner after swimming about for 
three or four hours in water. The difference in size of the 
zoospores shown in Fig. 32 and Fig. 33 is owing to the 
fact of the former being enlarged 1000 diameters, whilst 
the latter illustration is only enlarged 400 diameters. 
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CruciferoTis plants in the spring owe their infection 
with white rust to the zoospores germinating upon the 
seed-leaves. No one, of course, has seen such extremely 
minute objects as zoospores with the unaided eye, so no 
one has ever seen them naturally transferred from the 
germinating oospores on the wet ground, to the young 
seed-leaves of cabbages, cauliflowers, and other cruciferous 
plants. It is said that the zoospores cannot effectually 
germinate and form mycelium upon and in leaves and 
stems of cruciferous plants unless the latter are very 
young. But as cruciferous weeds infected with Oystopus 
are extremely common, the oospores must occur in pro- 
fusion in all districts every spring. No doubt the little 
motile zoospores are carried through moist air by currents 
of wind, and distributed in every direction throughout 
the country. 

Alternation of crops must tend to diminish white rust. 
Cabbages, cauliflowers, etc., should not be grown for two 
years in succession where white rust has prevailed. 
Cruciferous weeds should be gathered together and burnt, 
especially when they exhibit the well-known white 
sprinkling of the white-rust fungus. No cabbage, cauli- 
flower, turnip, or mangel refuse should be allowed to 
remain in a decaying state throughout the winter in the 
fields, for in those positions not only the white-rust 
fungus, but the putrefactive mildew of the cabbage tribe 
and the fungus of club-root hibernate. Clean and intelli- 
gent farming will greatly reduce the attacks of these two, 
as well as of many other pests. 



CHAPTER XVII. 

CLUB-ROOT OP TURNIPS, CABBAGES, MANGELS, AND 

ALLIED PLANTS. 

Plasmodioph^a BrasnccSy Wor. 

The disease of turnips, cabbages, and allied plants, known 
in some districts by the popular name of club-root, is 
recognised in other places as anbury and finger and toe. 
On the continent the disease is popularly known as hernia 
or rupture. 

Until the last six or seven years no one knew the cause 
of club-root, but in 1876, after three years' constant atten- 
tion, M. Woronin, a Russian botanist, as completely 
explained the nature of club-root in turnip and cabbages, 
as the Rev. M. J. Berkeley expounded the nature of the 
murrain of potatoes in 1846. 

The observations made by M. Woronin, which have 
several times been confirmed by others as weU as ourselves, 
seem to place the fact beyond all doubt that clubbing is 
caused by a fungus named, by M. Woronin, Plasmodiophora 
Brassieas. Plasmodiophora means a bearer or carrier of a 
Plasmodium, and a plasmodium is an Amoeba-like mass of 
protoplasm or vital formative material of changeable form ; 
BrassiccB, of course, means that the fungus is peculiar to 
the turnip and cabbage class. The family to which the 
fungus belongs is a remarkable one, and is known as the 
Myxomycetes or family of slime-fungi. These fungi have 
appeared so animal-like to some observers that, by a 
misinterpretation of analogies, an attempt has been made 
to transfer them to the Protozoic division of the animal 
kingdom. With the same idea in view they have been 
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termed by Professor A. De Bary Mycetozoa, or fangus-like 
animals. No fungologists of repute, however, and very 
few zoologists, hold either of these views at the present day. 
When Professor De Bary termed these fungi Mycetozoa, 
little or nn thing had been learned of the production of 
zoospores in fungi, a phenomenon now so well known in 
Gystopvs, Feronospora, and other genera. 

The Myxomycetes are especially remarkable in the 
fact that they do not form cells, cellwalls, tissues, or 
mycelium, during the period of vegetation, but their 
protoplasm remains during that time free, and collected 
into small masses of various and changeable forms. At a 
certain definite advanced period of growth the vital 
material of a Myxomycete breaks up into small portions, 
and these portions at length surround themselves with a 
cellwall, and become either fruits, sporangia, or spores, 
and in this condition the fungus remains at rest during 
a certain definite period. K the spores are kept dry they 
will retain their vitality for several years. After a period 
of hibernation the sporangia sometimes coalesce, and the 
spores germinate by the cellwall cracking, and the vital ma- 
terial exuding as a small round or irregularly-shaped mass ; 
this exuded mass speedily becomes furnished with one or 
two highly-attenuated tails, vibrating hairs, or cilia, and 
with the aid of these tails the Httle exuded masses are 
enabled to creep about over any moist surface in an 
Amoebarlike fesHon. The exuded masses are capable of 
multiplication by division, or (generally after a few days) 
they will unite with each other, and so form a homogene- 
ous mass of protoplasm of larger size, which mass also 
possesses an Amoeba-like movement. This homogeneous 
mass of combined Amoeba-like material ejected from the 
spores is termed a plasmodium. The Plasmodium is now 
capable not only of coalescing with other neighbouring 
Plasmodia, but also of absorbing other Amoeba-like spore 
contents. A plasmodium possesses the power of creeping 
about by extending armlike processes from its margin, 
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and by the vital material from the mass repeatedly press- 
ing into the arms or processes. The plasmodium is enclosed 
by a dense hyaline layer, and this in torn is surrounded 
by a thin coat of mucilage, which mucilage is sometimes 
left behind by the progressing plasmodium like a trail of 
slime from a slug. Although our fields cure at all times 
saturated and traversed by the spore contents or plasmodia 
of this destructive fungus, yet Plasmodiophora has not 
hitherto appeared in our printed lists or handbooks. 

The structure and habits of the members of the whole 
family of the Myxomycetes, with its numerous genera, are 
too involved and different from each other for any further 
general description in this place. 

Clubbing commonly commences at an early period in 
the life of the seedling turnip, cabbage, or other crucifer- 
ous plant. If we take a young seedling turnip, — one 
which shows by its flagging foliage and dwindled growth 
that it is out of health, — and examine the root, we shall 
probably see it, if attacked by the club-root fungus, some- 
thing like the illustration at Fig. 34, which is engraved 
one-half the natural size. The example illustrated repre- 
sents a seedling turnip two months old. The rootlets 
will be seen to be swollen with spindle-shaped swellings, 
generally with a smooth and flowing outline ; and this 
peculiar smooth spindle form of the clubs distinguishes 
true clubbing from all abrupt tuberous swellings and 
excrescences, sometimes natural, at other times abnormal, 
as when caused by the insects and larvss so common on 
cruciferous plants. Every swelling in true club-root is 
not necessarily perfectly smooth or truly fusiform or 
spindle-shaped, but in the majority of instances, and 
especially in an early state of growth, this distinguishing 
mark holds good and is characteristic. Some entomolo- 
gists have ascribed the origin of club-root to the attacks 
of Aphides ; but Mr. G. B. Buckton, F.R.S., in his ** Mono- 
graph of the British Aphides," published by the Ray 
Society, rejects this idea, but thinks some clubbing may 
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be due to insect punctures on tbe tap-root when the plant 
is yonng. But excrescences caused by insect punctures 
are quite distinct from trne clubbing. Curtis, in KiH 
Farm Ineettt, has rejected the idea of Aphides being the 
cause of clubbing. 

To see the nature of the fungus of club-root, one of the 
smaller spindle-shaped swellings must be cut in two, aa 
on the line A, B, F^. 34, and from one of the eipoBed 



BttrfaceB a thin slice must be cut. If this is done in July, 
and the slice is viewed as an. opaque object and magni- 
fied 10 diameters, it will be seen, as in Fig. 35, faintly and 
cnrioualy mottled and clouded. If an extremely thin 
atom is now cut off and viewed as a transparent object 
with a power of 200 diametera, it will be seen as at Fig. 
36, The cause of the mottling will now be seen to be 
due to the presence of a yellowish strii^ slime or plasma, 
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sometimes wholly filling certain cells, in other instances 
appearing as strings of slimy protoplasm drawn across 
from one side to the other. No true mycelial tubes can 
be seen, and none of the famiHar cells so common in most 
fungi One fact will strike the observer at once, and that 
is, the affected cells will be noticed as much larger in size 
than the ordinary cells of the rootlet-in ma^y instances 
enormously larger. This distention of the celU is a 
common result of the attacks of parasitic fungi on leaves 
and roots, and one can understand at once that if each 
constituent cell of the infant turnip -root or rootlet is 
distended to ten or one hundred times its normal size, a 
clublike growth must result. It will be noted too that 
the cells, though enormously distended, have not burst 

If a club is examined later in the season — say in 
October — a very different appearance is presented, and 
the change we then see has been gradually going on 
during the autumn months. The protoplasm of the 
summer has, by the late autumn, broken up into innu- 
merable minute spherical portions, and the stringy, slimy 
mycelium has been replaced by millions of excessively 
minute spherical spores. These spores may now be dis- 
tinctly seen to possess a cell wall. The cells of the turnip 
are now, even more distended than before, and in many 
instanfces they will be seen closely packed with the greatest 
regularity by vast cohorts of the Plasmodiophora spores. 
It will still be seen that most of the distended cells of 
the turnip remain intact, and only a few are ruptured. 
A little pressure of the covering glass of the microscopic 
slide will, however, speedily break some of the cell walls, 
and the spores wiU pour in enormous quantities through 
the breach into the surrounding film of water. This 
condition of the disease is illustrated at Fig. 37, enlarged 
200 diameters, where the spores are seen pouring out 
through the breaches in the cell walls. The spores are 
farther enlarged to 1000 diameters at Fig. 38, so that 
their fiize may be compared with other spores drawn to 
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the Bame ecale in the other iUnstrationB given in this 

The three larger epherical brown bodiea Been in Fig. 
37, and the single example in Fig. 3S, are resting-apores 
of the pntrefective fungus of cabbages and turnips, named 
Perono^ora ptrantiea, Peis., and sometimes seen in great 
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root. Enlarged 200 djimeMrs. 

abundance in turnip plants reduced to pntridity by the 
combined attacka of the Peromspora and the Plasmodio- 
phora. These larger bodies are the second species of 
AHotrogm (not A. hydnotpams) of Montane. 

The Plaemodiophora spores remain uninjured and in a 
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restii^ state in affected turnips all tbiough the winter ; 
and in the eprtng, if another transparent slice is taken 
from a email dub formed during the previom year, the 
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spores will be found perfectly ripe and ready for germi- 
nation. This germination takes place as illustrated in 
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the six spores, enlai^ed 1000 diameters, and numbered 
from 1 t« 6 on Fig. 39. The cell wall of the spore 
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cracks, and the contained protoplasm creeps out, as illns- 
trated in the snccessive figures. First a small protuberance 
is seen, then a slightly branched arm, next the main 
growth is attenuated, then the attenuation proceeds to an 
almost invisible hairlike tail or flagellum ; at last the 
minute speck of protoplasm flies out of the spore wall, 
often whirling the empty case to some little distance. 
Each atom of protoplasm which has emerged from the 
spore is now a free zoospore, or animal-like spore — capable, 
aided by its hairlike tail, of creeping or sailing along, or 
whirling round in any film of moisture, as illustrated in 
the figures numbered from 7 to 12. 

These zoospores, like all other zoospores, do not long 
remain in the zoospore condition. In most fungi zoo- 
spores speedily burst and protrude a thread of mycelium ; 
but in Plasmodiophora the zoospores quickly coalesce, and 
when a few have conjoined they form the growth already 
described as a plasmodium. The viscid plasmodium formed 
by one set of conjoined zoospores speedily comes in con- 
tact with other and similarly-formed plasmodia, and so 
larger examples are formed. These examples, large and 
small, are, when in a state of nature, washed out of de- 
caying club-root material into the ground by the spring 
rains. There, on and in the moist ground, they are able, 
by pushing out arms and prolongations, and by con- 
tinually propelling their contained vital material into 
these extensions, to move about in a slu^ish Amoeba- 
like fashion. 

All practical agriculturists will now see that when 
club -root refuse is left in the fields, or thrown on to 
dung-heaps, and then distributed over the ground, the 
most certain method is taken for propagating club -root 
disease, for out of this decayed material innumerable 
motile Plasmodia will be washed into the ground. When 
the seeds of turnips and cabbages grow and extend their 
rootlets, the rootlets naturally come into contact with the 
viscid watery plasmodia in the ground, and these plas- 
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modia are absorbed into the young turnip plants by the 
rootlets. It cannot be objected that a plasmodium is too 
large to find entrance to a plant by the rootlets, for Plas- 
modia are capable of existing in a state of threadlike fine- 
ness and watery attenuation beyond conception. 

When once in the rootlets, the plasmodia are in the 
position that best suits them, and in that position they 
act as true parasites in the host plant, and by their 
growth excite disease, unnatural distention of the cells, 
and ** club-root" 

The proofe that old club -roots, with their contained 
ripe spores, can really produce ''club -root" disease in 
growing turnips have many times been given of late 
years, and the experiments have been several times re- 
peated by ourselves. They amount shortly to this. If in 
spring-time turnip seed is planted in pots in virgin mould, 
the seedlings will come up unclubbed ; but if exactly 
similar seeds are planted in earth in which old chopped- 
up clubs have been incorporated, the seedlings will nearly 
all be at an early period of growth fatally clubbed. 

For the prevention of clubbing, an alternation of crops 
for two or three years may reduce the disease, for, as far 
as is at present known, Plasmodiophora BramccBy Wor., 
is confined to cruciferous plants. As the spores of the 
fungus can live for more than a year in dry material, 
more than one season should elapse before turnips or 
cabbages are again planted in tainted fields. As char- 
lock is often badly clubbed, this, with other worthless 
cruciferous weeds, should not be allowed, more than is 
possible, to choke the hedge sides of fields under cultiva- 
tion with cabbages, turnips, and mangels. 

Beyond all other things, it is necessary that old club- 
root should not be allowed to remain on the ground where 
turnips or cabbages are to be grown. All the diseased ma- 
terial should be gathered into a heap, and, if possible, burnt. 

Prof. Jamieson, in the last annual report of the Sussex 
Afisodation for the Improvement of Agriculture^ advised 
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fjEinners not to use manures containing sulphur and chlo- 
rine elements ; the one given usually as sulphuric acid and 
sulphate in dissolved or soluble manures, the others given 
in chloride, or muriate of potash, and in common salt 
Sulphuric acid is a characteristic ingredient in nearly all 
vitriolated or phosphatic manures. Prof. Jamieson states 
that the only crops which are uninjured by these manures 
are the cereals, and that they should never be used for 
other crops unless the soil is unusually black; he con- 
siders that club-root and sickness in turnips is aided by 
sulphur, and that chlorine is injurious both to Swedes 
and peas. Prof. Jamieson is of opinion that the sulphur 
in the manure (in whatever form) accelerates the elabor- 
ation of the delectable sulphurous material, in which the 
dormant spore finds abundant sustenance. At the same 
time, by the readily available form of the mineral food, a 
flush of premature growth pervades the cultivated plant, 
and consequent weakness. Simultaneously the fungoid 
enemy, at the expense of the higher plant, increases in 
myriads, war is waged, in which the assailing foe — ^the 
fungus — ^is never subdued, but may have either a com- 
plete victory in the death of the higher plant, or only 
partial victory, resulting in a more or less clubbed root, 
and a more or less normal bulb above. 

In August 1883 experiments at Hassocks, in Sussex, a 
conspicuously unhealthy appearance is said to have been 
observable in all the turnips of the superphosphated plot ; 
although it had been stated that the club-root disease had 
previously been unknown in Sussex. 

In October the plants were taken up from all the plots, 

with the following result : — 

Total diseased and 
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Ground coprolite .... 


11. 


Gronnd bone-ash .... 


16. 


Superphosphate .... 


51. 


No phosphate 


45. 


Steamed bone-flour .... 


16. 


Coprolite and steamed bone-flour 


3. 



CHAPTER XVIIL 

EAR-COCKLE, PURPLES OR PEPPERCORN IN WHEAT, 

OATS, AND RYE. 

Tylenchus triticiy Bast. 

For a clear comprehension of the disease of wheat, oats, 
and rye, named ear-cockle, purples, or peppercorn, it is 
necessaiy that the nature of an ear of wheat should be 
well understood. We will therefore briefly describe the 
structure of the inflorescence of wheat, so that the pecu- 
liarities of ear-cockle may be made clear. 

An ear of wheat is technically termed a spike, and 
the spike consists of a rachis (literally a backbone) or zig- 
zag stem, on which are placed numerous little clusters of 
grains with their chaff'y scales. Each cluster is termed a 
spikelet, and as a single cluster or spikelet taken from 
any part of a spike is generally the same in arrangement 
as all the other clusters on the spike, we will remove one 
cluster or spikelet for careful observation. 

At Fig. 40 is illustrated a spikelet of wheat enlarged 
two diameters. It will be seen that the whole growth is 
enclosed between two outer sheaths or bractlike scales, seen 
at A A ; these are termed the two outer glumes — glume 
merely meaning " chaffl" In wheat it is common to see 
the two outer glumes enclosing five other growths. One 
of these is an aborted growth seen at B, and the two 
clusters on each side at 0, D, E and F, each include two 
bractlike scales, one a flowering glume, and the other 
a pale. Each of the two inner growths encloses a pistil, 
three stamens, and two minute scales. The lowermost and 
outer bract of these two is termed the flowering glume ; 
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this has a central mid-rib, and the inner one is termed 
the pale (meaning also chaff), with two distinct side ribs 
and no mid rib. 

If the parte of a ripe spikelet are compacted together so 



that they will not break away under the knife, and a 
horizontal section is made through all the fruits or grains 
with their enclosing chaffy scales, the parts of the spikelet 
in the section at Fig. 41, enlarged four 



MoTizoaM Section 



diameters. We now sec in horizontal section the central 
nbortire growth at A, and the four normal grains, 1, 2, 
3, and 4, each enclosed within a pale, with its two side 
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ribs, as at B, and a flowermg gliune with its central mid- 
rib C. The flowering glume is often capped with a long 
thread beard or awn, familiar in barley and oats. The 
whole growth is embraced by the two outer glumes at 
DD. 

We will now closely examine one of the four groups, 
with its two enclosing scales, the flowering glume and 
pale. Arranged round each pistil (or in the ripe ear — ^the 
grain) are three stamens, E, F, and Q (Fig. 41), and two 
beautiful fimbriated transparent, membranous, almost 
microscopic scales at H, J; the three delicate drooping 
stamens and two little scales all grow at the base of the 
pistil, carpel, or grain. The two little transparent scales 
are usually admitted to represent the perianth of more 
perfect flowers. The different parts of a grass spikelet 
possess considerable botanical interest, and the questions 
are by no means settled as to the exact morphological 
significance of the glumes, palse, and scales, and tibeir mode 
of attachment. The questions are, however, beyond our 
province here, and need not be discussed in detail. It 
is remarkable that the two little transparent scales at 
the base of the pistil are persistent, and in this they differ 
from the fugitive feathery stigmas and stamens. 

As great attention has been directed by botanists to 
the two minute scales, technically termed lodiculM, grow- 
ing at the base of the ovary, and their connection with 
ear>cockle, a single grain of wheat detached from the 
spikelet, but still enclosed within its pale, is shown 
enlarged to five diameters at Fig. 42. The spectator 
is supposed to be looking towards the interior of the 
pale, and the farrow or cleft of the seed is away &om the 
spectator and towards the pale. Pendulous from the base 
of the grain is a withered stamen. On either side of the 
point of insertion of the stamen, and at the base of the 
grain, the two minute lodicules are seen at A and B. 
The wrinkled part of the base of the grain at C is the 
spot whence the plumule and radicle of the young wheat- 



108 DISEASES OF FIELD k GARDEN CROPS. [cH. 

plant will emei^ on the germination of the seed, A 
single scale or lodicule is enlu^d to fifty diametew at 
Fig. 43 to clearly ahow ita form. In text-books these 
acalea are usually deaeiibed as fringed at the top, but in 
nature they are also usnally fringed down both sides ; and 
a ainiiliir binge belongs to both glume and pale tonardi 



Fia. 42.— Grain of Wheat 
sncloBed In its Fale. 
Eolarged & diubfitfra. 

their baae, and a not dissimilar one to the grain at ite 

We will now leave the normal healthy spikelet, and 
examine a diseased one. When a wheat plant is affected 
with eaiHiockle, the epikeleta present a much thinner, 
looser, and more open appearance than the healthy ones. 
This appearance is shown at Fig. 44, enlarged two dia- 
meters ; here the large normal grains are replaced by four 
small peppercorns, shown solid black in the illustration. 
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The small purplish -black grain-like growths found 
within the flovering glume and pales in the disease known 
as ear-cockle, are galle eauBed by the attack of a nematoid 
or thiead-worm, named, by Dr. H. C. Bastian, TyUncAus 
(rifici. Tylenchui is a compound word derived from the 
Greek, and iadicatea the knoblike growth of the galls and 
the so-called "spear" of the Nematode— that ia, the mus- 
cular bag forming the back part of the mouth; iritid, of 
course, refeis to the classical name of the wheat plant. 
The popular names ear-cockle, purples, and peppercorn 
have reference to the form, size, and colour of die little 
galls ; these galls are roughly comparable, on a smell 



Spiielot or Wliest!, tlB Ef^ns replaced ^j ths galJa of Esi-CocUs. 
Twice lie aim of nature. 

scale, with the iamiliar galls found on the leaves of the 
oak and other plants. The Nematode itself is a close 
ally of the well-known " eels " of stale paste and vinegar. 
In a Nematode-infested wheat spikelet, such as the one 
illustrated at Fig. 44, the little blackish galls or pepper- 
corns can generally be seen as illustrated between the ill~ 
grown glumes and pales. Four of these galls are shown 
jree at Fig. 45, A, B, C, and D, eolai^d five diameters. 
These galls ore commonly two bodies conjoined, seldom a 
sii^le body, and in rare instances three conjoined bodies, 
always within the pale and flowering glume. For the 
reasoo that the galls are comiiioiily two conjoined bodies 
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these growtliB have been associated by Mr. William 
CarratheiB, F.R.S., in the Journal of the Boyat Agri- 
evilwiU Society, vol. STiiL, 1882, with the two mtnate 
transpaient scales or lodicnles belonging to the base of 
the pistiL In some instances these golla are, however, 
single growths, with one or more furrows, and Uie ex- 
ample illustraled at D ahowe the two persifrtent lodicnles 
present at ite base, proving that the two lodiculea which 
form the perianth of the flower are not invariably the 
oigans which are replaced by the galls. As this particn- 
lar gall-growth at D is a doable one, it probably repie- 
aents two of the three stamens. A gall of one cell 



f 



represents the pistil, and galls with three cells represent 
the three stamens. When a sii^le example of pepper- 
corn only b produced within ttie glnme and pol^ it agrees 
well with the single central oblong carpel, with its downy 
top^ _ This view confirms Devaine's observation that the 
gall is formed from any of the growths belongii^ to the 
wntral part of the flower. On one occasion DevaJne 
detected a gaU growing from one of the leaves of a wheat 
plant 

■.Zt^ e^l^ originate at a very early period of tiie de- 
S™ f "^ '^^ ^'^^"^ °' '•^"•t. ^t Vtime when the 
different parts which aw to compose the flower are rep«- 
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sented by mere minute swellings on the little lateral axis 
destined to produce the spikelet 

The small worm, we suppose, attacks these swellings — 
either the one belonging to the pistil, the three belonging 
to the stamens, or tiiie two belonging to the scales. The 
parts attacked may, however, belong in part to more than 
one series, — as one scale and one stamen, or the pistil and 
one scale, etc. When the pimcture is made, an unusual 
flow of sap to the injured place — possibly a natural attempt 
to repair the injury — is the result, an extremely common 
phenomenon in plant injuries. This flow of sap causes 
the first cells of the monstrous gall-growth to appear : 
the abnormal growth is rapid in development, and in a 
short time the assailing Nematode or Nematodes are en- 
closed within an abnormally-grown cell walL A section 
of a mature gall is shown at Fig. 45, C, and a section 
farther enlarged to forty diameters is shown at Fig. 46, 
illustrating part of the wall and part of the enclosed 
colony of Nematodes. Both sections show the compara- 
tively thick nature of the wall of the gall, and the large 
number of thick obscurely hexagonal cells of which it is 
built up. It is remarkable that the fungus of com mildew 
and other fungi peculiar to com have been seen growing 
upon these gaUs. The fact probably shows how completely 
the substance of the gaUs agrees in nature with the sub- 
stance of the wheat plant from which they are derived. 

When a young gall is cut in two and its interior ex- 
amined, it is found filled with a cottony mass, which, on 
enlargement with the microscope, becomes revealed as a 
mass of semi-transparent nematoid worms of all sizes, 
from mature individuals one -seventh of an inch long, 
through semi-mature and infant individuals, to transparent 
eggs, in which the little Nematodes may be seen coiled up. 
A group of these worms, in all stages of growth, may be 
seen at A, Fig. 46, drawn to the same scale, i.e. enlarged 
forty diameters, as the adjoining wall of the gall at B. 
By the time the gall is quite mature the mother worms 
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have died, and the egga have buret and produced 
youi^. 

In Tol, XXV. of the IVotwoctwrw of the Linnean Society 
Dr. H. C. Baatian has described several ot^ier epecies of 
Nematode found on and in wheat, oats, and other grosses. 
Dr. Bastian specially adverts to the tenacity of life beloDg- 
ing to the species found under the genus TylejKhm, and 
he attributes this vital tenacity in part to the s 
of the integument of the animals. This integument ie 
such a nature that it enables the Nematodes to tei 



Piagmeat of thf wall of in Eir-Coekle gall, wJtii part of a colony of 

Nematold wonna. TytenchKi Irlltcf, Bast. 

Enlarged 40 diametera. 

dessication, and prevents the evaporation of moisture 
through their tissues. "Whilst some Nematodes imjnedi- 
ately shrivel up when immersed in gelatine. Dr. Bastiait 
has found that members of the genus TyUnchiu will move 
about in gelatine from fifteen to twenty minutes. The 
power of remainii^ in a dormant deathlike state for a 
long series of years Dr. Bastian attributes to some in- 
herent peculiarities of the animals' tissues beyond the 
reach of detection by optical instruments of even the 
highest power. The same author say it is an estab- 
lished &ct that TylenchTia trittci, Bast, is capable of 
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resuming activity after remaining dormant for twenty- 
seven years. 

Various observers have artificially infected wheat with 
the Tylenchris by placing the living Nematodes taken from 
a gall in the farrow or cleft of the grain, and then planting 
the infected seeds in the soil in the usual manner. Or galls 
may be planted in close contiguity with healthy grain ; 
after a brief time the Nematodes will work their way 
through the wall of the softened and decaying galls, and 
come naturally in contact with the young leaves sprouting 
from the healthy seed. The Nematodes then insert them- 
selves between the sheaths of the leaves, gradually working 
their way round till they come to the innermost, where 
they remain till the rudiments of the future ear begin to 
form. Several grasses, in addition to wheat, oats, and 
rye, are assailed by Nematodes, notably Festuca datior, L., 
maize, and different species of bent grass, Agrostis. 

Other Nematodes attack cucumbers, melons, carnations, 
and many different plants belonging to our greenhouses 
and flower and kitchen-gardens. These have never been 
scientifically described by zoologists, or even named. 
Sometimes the Nematodes attack the roots, especially the 
rootlets, and they cause little nutlike swellings to appear. 
Sometimes the stem, and in other instances the leaves, are 
made the point of attack, and the Nematodes cause dead 
pallid patches to appear. On cutting a sHce from a paUid 
8x>ot, or a slice from a nodule belonging to a rootlet, the 
Nematodes and their eggs are almost invariably met with. 
The worms are coiled in various ways within the eggs, and 
after a definite period the eggs burst, and the young 
thread-worms emerge. 

As it has been clearly proved that ear-cockle can be 
produced by planting the galls containing the Nematodes 
with sound gram, the greatest care should be taken in 
separating the galls &om the seed-wheat. This should 
be a very easy matter, as the gaUs are black in colour, 
whilst the grain is yellow, and the galls are only one-half 

I 
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the size of the grains of wheat, making the process of 
sifting an easy one. Of course all galls should be care- 
fully gathered together and burnt, for under any circum- 
stances such growths and their contents are unpleasant 
objects to be ground with com as food. As the little 
animals inside the galls can live, under favourable circum- 
stances, in a deathlike state for more than a quarter of 
a century, galls should never be stored with com or 
planted. 



CHAPTER XIX. 

CLOVER DODDER, 

Guscuta Trifolii, Bab. 

Clover Dodder is sucli a fEimiliar, and, as some ob- 
servers say, increasing pest in our fields, that any detailed 
description of its superficial appearance and habits is 
unnecessary. Clover dodder is probably perfectly familiar 
to every observant person who has walked through clover 
fields. 

All the dodders, — and there are some forty or fifty 
species — ^belong to one genus of parasitic plants termed 
GusGuia^ a name said to be derived from Ohaamth, the 
Arabic name for dodder plants. The Kadytcu of Theo- 
phrastus and the Cassyias of Pliny are believed to be 
dodder. These names, as well as the Arabic name, signify 
to hold fast, to stitch, and to oppress. The popular name, 
dodder, is an English form of the Dutch and Qerman names 
Dodem, TotUeren, and Todem. Dodd signifies a bunch, 
and doty a tangled thread. Trifolii indicates that the 
plant now under description invades clovers. The dodders 
are commonly termed scald-weeds, hell-weeds, or strangle- 
weeds, and in some districts devil's -guts ; the popular 
names indicate the strong hatred rustics bear towards 
these weeds. 

Cuscutas are closely allied to the Convolvuli of our 
gardens, and some botanists place them in the same 
natural order with the convolvulus ; others relegate them 
to a natural order by themselves, named Ousmteas, 

Part of a plant of GuKvJta Trifolii, Bab., growing para- 
dtically on clover, is shown at Fig. 47, twice the size of 
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nature. Most of the charoctera of the parasite that are 
visible to the unaided eye are given in this sketch. 

Dodders are plants with yellowish or reddish leafless 
threadlike etema, the leaves being represented by a few 
amall transparent scales. The small, usually pinkish, 
bell-shaped, sometimes sweet-scented flowers, as in clover 
dodder, are collected in little closely -packed heads or 
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Cutaila TriJblU, Bab., growing on Clover. 

Twice UieslM of natnn. 

ctnateis, as shown at A, B, Fig. 47. Each floral periajith 
iB usually divided into four or five e^ments. The flowers 
are commonly succeeded (but not in the case of clover 
dodder im this country) by four amall seeds. The thread- 
like stems are fnnuBhed with numeroua very ainall 
suckers, as at C, D, with which the parasite attaches itself 
to its host. 

DoddeiB grow in all hot and temperate regions, and 



XIX.] CLOVER DODDER 117 

they fix upon a great variety of plants in addition to 
field clovers and lucerne. The best known of these host 
plants are flax, thyme, broom, heath, furze, cabbages, 
nettles, hops, cranberry, rock-rose, centaury, scabious 
grass, bracken, yellow -rattle, eyebright, bastard toad-flax, 
yellow bedstraw, camomile, sow thistles, tomatoes, and 
even the vine. 

It is extremely common to find seeds of dodder amongst 
impure clover seeds imported from the Continent. In 
some instances it is easy to sift dodder away from the 
larger-seeded varieties of clover, and we know that most 
seed-merchants are very particular in this respect. In 
other instances the dodder and clover seeds approach each 
other so nearly in size that sifting one from the other is 
impossible, and the No. 17 sifter becomes quite useless. 

B C n 
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Fia. 48. 
Seeds of Red Clover, Yellow Trefoil, Dutch Clover, and Clover Dodder. 

Enlarged 6 diameters. 

For the purpose of comparison, two seeds of perennial red 
clover are illustrated at Fig. 48, A ; at B the seeds of 
yellow trefoil ; at C of white Dutch clover ; and at D 
the seeds of clover dodder, all to the same scale, viz. five 
times the size of nature. All clovers in cultivation vary 
in size between the limits shown by A and C in Fig. 48. 
The examples for measurement were kindly forwarded by 
Messrs. Sharpe and Co. of Sleaford, Messrs. Sutton and 
Sons of Beading, and Messrs. Edward Webb and Sons of 
Wordsley, Stourbridge. The dodder seeds were sifted out 
of impure foreign importations. In a pound of average 
clover there are 250,000 seeds. 

A dodder seed is brown, duU, and minutely granular 
outside when seen with the aid of a strong lens, whereas 
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clover seed, although often hrowc, ia smooth and a hiniti g, 
with a mmute Bear oi protuberance at one point of the 
circumference at E, Fig. 48. At this point the radicle, 
the iirst or elementaiy root of the planl, emerges at the 
time of germination. This scar is almoat invisible in 
dodder seeds. When seen in section a clover seed mate- 
rially differs from a dodder seed. The interior of the 
clover seed shows the presence of cotyledons or seed- 
leaves, as at Fig. 49, A, enlarged ten diameters ; and the 
first rudimentary rootlet or radicle at B. The iUustra- 
tion at C shows a clover seed after it has been planted 
for three days or a week in moist sand. The testa, or 
outer integument of the seed, has hurst, and the first 





s*?' 



rootlet of the infant clover plant at D is descending to 
the sand, Clover-doddei seed is engraved to the same 
scale at E and F ; at E the seed is shown in section ; 
tJiere ale no seed leaves, but the young plant within con- 
sists of a simple thread, spiiallj coiled round a little 
central mass of fleshy albumen. At the period of germi- 
nation the thread emerges with a dilated end as at G, 
and the granular coat of the seed frequently breaks up as 
shown. If a germinating seed in this condition is tians- 
ferred to a slip of glass and held before a strong light, 
the spiral embryo will he seen through the cracked t«ata 
as here illustrated. Sometimea the cotyledons or seed 
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leaves are represented by one or two very minute scales 
in germinating dodder. 

Clover and dodder seeds, farther advanced in growth, 
are shown at F^. 50, twice the size of nature. The clover 
seeds on the left are sending their first roots deep into the 
earth, whereas the dodder seeds on the right are sending their 
threads into the air in search of a host on which to live 
parasitically. The ground line is indicated at A. Clover 
and dodder seeds generally germinate after the lapse of a 
week or less ; but certain seeds of clover dodder from the 




Pia. 50. 

Clover and Dodder seeds germinating. 

Twice the size of nature. 

sample we experimented with did not germinate till two 
months had passed. The variation in the time of rest in and 
on the ground before germination is an obvious advantage to 
the dodder, for, if the first dodder seedlings find no hosts 
ready for them, other seedling dodders, during a period 
of two months, still have a good chance. Clover often 
remains without producing other than the two first seed 
leaves for one or two weeks, and during that period the 
young dodders often attach themselves to the clover seed- 
lings, as illustrated at Fig. 51, enlarged ten diameters. 
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Liiig Dodder leed, with Its thresdlike sitm fiiii 
loavea or Cotyredons of Clover seedlinB. 
Enlarged ID diameters. 
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For the same period the dodder threads, as a rule, have 
produced no suckers, although in one or two erratic ex- 
amples we have seen suckers whilst the embryo thread 
was still within the burst testa. Dodders bear minute 
transparent scales on their threads as equivalents to 
leaves, but we have not seen them in clover dodder till 
the young plants have been several weeks old. When 
dodder twines round a young seedling clover, the rapidly- 
growing clover carries the dodder away from the ground, 
the old withered testa being sometimes still attached to the 
dodder thread for a week or two. A dodder plant a few 
weeks old, on a young clover leaf, is shown enlarged ten 
diameters in Fig. 52. As the clover grows the dodder 
now grows with it, and the parasite is lifted higher and 
higher from the ground. As the spring and summer 
advance, the dodder flowers profusely, and as the clover 
plants grow in size and come in contact with each other, the 
dodder spreads from one host to another. The dodder, in 
growing, repeatedly branches and rebranches, and throws 
out long arms, so that during a single summer one or 
two infested clover plants will help to spread the dodder 
over a lai^e area. The parasite cannot live on the remains 
of the plants it has destroyed, so, in the process of growth, 
it leaves the central clover plant for other plants at the 
circumference of a dead circle of clover, which may be 
many feet or even yards in diameter. 

At Fig. 53 is shown a fragment of clover stem cut 
from the top of the stem at £, as illustrated at Fig. 
47. This illustration is enlarged fifteen diameters to 
show the connection by suckers of the twining dodder 
with the stem of the clover. On examination with the 
microscope it is seen that not only has the dodder no 
roots or true leaves, but it is destitute of green colouring 
matter, the substance which helps to elaborate the food 
of plants, and which occurs so abundantly in clover. 
Dodder has none of the small mouths or organs of tran- 
spiration so frequently adverted to in these notes, but its 
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outer cells, seea at A, on tlic contrtuy, are somewhat like 
the pallisade oelb found on the upper surface of ordinary 
leaves. In the ceutre of the dodder threads there is a 
woody cyUnder, as at B, Burrounded by colourleSB, some- 
what loose, cellular tissue, C. The suckers, D, proceed from 



the central woody portion of the threadlike stem, and are 
surrounded by a, wall of colourless cells. The Buckeis of 
Cuscuta Trifoiii, Bab., are pushed into the fine longitudi- 
nal furrows EE (which are always present in clover stems), 
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until they reach the central pith FF, as illustrated. 
The suckers could not penetrate the clover stem were it 
not for the woody skeleton belonging to each sucker ; 
this atom of hard pointed woody material pierces the stem 
like a small thorn. Hairs of the clover stem are shown 
at GG. The connection of a sucker of dodder with the 
clover stem, as seen under the microscope, is illustrated, 
farther enlarged to fifty diameters, in Fig, 54. The outer 
pallifiade-like ceUs of the dodder are shown at A A, AA. 
The woody cylinder at BBB, the loose cellular tissue at 
CCC, and the point of a sucker, inserted in a clover 
stem, at D. The centre of the clover stem is shown by the 
pith -cells at E, the cells of the clover bark at FF, and 
two fibro-vascular bundles at GG. The parasitic life of 
clover dodder commences with the insertion of the first 
sucker into the host plant When the pith is reached by 
the suckers pushing themselves in between the cells of 
the stem of the host, the cellular tissue of the dodder 
comes into close contact with the living cells of the 
clover, and the result is, the vital juices elaborated 
by the clover pass through the cell wtdls of the clover 
into the cells of the dodder, and so the sap of the clover 
feeds the parasite by transfusion. The dodder grows 
with such extraordinary rapidity when it has once fixed 
on clover, and it produces so many branches and brach- 
lets, with such a vast number of suckers, that the growth 
of the parasite generally far exceeds that of the host. 
The consequence is, the dodder completely drains out 
the elaborated juices of the clover and kills it by ex- 
haustion. The destruction of the clover is also hastened 
by the great weight of the accumulated masses of en- 
tangled dodder ; for one commonly sees the clover quite 
prostrate on the ground, whilst most of the thickly- 
matted dodder growth is on the top. The profuse 
growth of dodder in some clover fields was well illus- 
trated by a correspondent of the Agricultural Gaaette^ who 
wrote on 9th July 1870, p. 941, that his men had found 
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!i Dodder wltli & OIoybi s 



several patches in the fields near Bridport, from two to 
three ytu^ds aquare. The labourers, for a jnke, clothed 
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themselves with the matted threads of the parasite, and 
went home as if clothed in bear skins. Clover dodder 
is generally said to be an annual ; but observers are not 
wanting who have expressed a belief that it is often 
perennial, and lives on from year to year irrespective of 
the introduction of new seed, which, indeed, it very 
seldom produces in Britain. The dodders are said to 
be acrid and purgative, and mischievous to flocks and 
herds. It is singular that the parasite should be capable 
of elaborating acrid principles from the juices of a sweet 
non-acrid host. 

Dodders are still largely imported to Britain in unclean 
foreign seed. Prof. Lindley has stated that both clover 
dodder and flax dodder were first imported to this 
country from Afghanistan so lately as 1843. Dodder is 
so common now that Prof. Buckman, to whom we are 
indebted for a most interesting and instructive essay on 
dodders, records an instance of seventy bushels of flax 
dodder seeds being sifted out of a single field of flax seed, 
whilst a year or two afterwards almost as much was separ- 
ated from a crop of flax grown at the Royal Agricultural 
College. 

On rare occasions clover dodder produces seeds in 
Britain ; and as there is evidence that the threadlike 
stems are sometimes perennial, dodder refuse should 
never be left on the ground to rot. Every patch of 
dodder should be carefully raked together and burnt, 
and by this process and careful sifting its appearance in 
the fields can generally be prevented. Some agriculturists, 
on first seeing the yellow patches in the clover fields, 
remove all the clover from the outer edges of the invaded 
patch for a width of about eighteen inches ; this leaves 
nothing for the dodder to prey upon, as the threadlike 
stems cannot stretch across the eighteen inches of vacant 
ground. The clover is removed because it is extremely 
difficult to entirely remove dodder. 



CHAPTER XX. 

GRASS MILDEW. 

Erysvphe grcmdnis, D.O. 

There are few fungi more common or injurious in warm 
dry weather than the fungus of grass nuldew, grass bUght, 
or wheat rust, — or white rust, as it is termed in America, 
named Erydphe graminiSy D.C. It is possible that the 
familiar straw blight of agriculturists, already described, 
may be caused by the mycelium of the Erysvphe, and this 
is an additional reason for directing special attention to 
grass mildew or blight. The generic name Erysiphe was 
the term given to mildew by the Greeks ; the specific 
name grammis needs no explanation. The fine, creeping, 
jointed mycelium of Erysiphe graminis, D.C, forms a 
white superficial mildew on the living stems and leaves 
of cereals and other grasses in the summer and autumn* 
When the white mildew patches are examined in the 
autumn with a very strong lens, they will be seen 
sprinkled with minute black dots, as illustrated twice the 
natural size on the wheat stem in Fig. 55. The spawn 
of this mildew is generally supposed to be incapable of 
penetrating the tissues of plants ; but suckers have been 
described as belonging to the mycelia of some allied species 
of mildew. With these minute suckers the Erysiphe 
adheres to its host, if the suckers do not indeed pierce the 
leaf cells and derive nourishment therefrom, after the 
manner of Peronospora, In the summer the myceliuni 
gives rise to vast numbers of vertical moniliform, or neck- 
lace-like groups or chains of conidia or spores, as illus- 
trated at Fig. 56, enlarged 400 diameters. This peculiar 



CB. XX.] GRASS MILDEW. 127 

frait of the mycelium was at one time considei^ a perfect 
fungue, and wbm described under ttie name of Oidivm moni- 
h'</ida, Lk, The meaning of Oidivm has been already ex- 
plained, and monilioidet means necklac«-like, and refers to 
tbegrowthof the fungas, which reaemblea a string of beadii. 



Fio. 5G.— Gbub MiLDEiT. Fia. H. 

Wheat sum invsded Oidium noniiioIdM, Lk. The early condition 

hj Briiiip\e gmminii, dC ErgsipKe freminia, D.C., eoUrged 4C0 

D.C. Twics the Da- diameters. OeiiaiiiHtiiig; conidlnm enluged 

lunl ilze. 1000 diuoEten. 

The Oidium is extremely common on the Gramirum in the 
Buiiuner,and it may always be found on gTaaB,and especially 
rankly growing grass in damp positions. The necklace- 
like growth of the beadlike conidia is so delicate that the 
slighlcst touch or breath destroys their chainlike arrange- 
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ment. If, however, infected grass is kept in damp air, a 
fragment of a leaf may generally be successfully cut, 
examined without water with a low power of the micro- 
scope, and the Oidivm seen in a growing condition. When 
thus examined the profuse chainlike growth may be easily 
observed. If placed under a cover glass for examination 
under the higher powers of the microscope, the beadlike 
spores or conidia instantly break away &om each other, 
so inconceivably slight is their attachment. The monili- 
form habit can, therefore, only be seen with a low power 
applied to the dry living fungus whilst in situ. In water 
or damp air the conidia, and especially the topmost coni- 
dium, quickly germinate and produce thin threads, as 
illustrated at Fig. 66, A, enlarged 1000 diameters. This 
constant spore production and germination is incessantly 
continued through the summer months, till at last a thick 
grayish-white coat of mildew more or less covers aU. in- 
fected plants. The conidia are so small that it would 
take about a million to cover a square inch. The Oidium 
state of grass blight may be compared with the Oidiwm 
of the turnip, illustrated to the same scale at Figs. 27 and 
28. The grass OicUum is somewhat taUer, but the spores of 
the turnip Oidivm are more than twice the length of those 
of our present plant. Oidiv/m moniUoideSy Lk., is a typical 
plant. The Oidivm growth of the fungus, however, and 
the production of the profuse mycelium is only a prepara- 
tory stage of growth for the perfect Erysiphe which gene- 
rally foUows ; it has been observed that when the Oidium 
does not appear till late in the summer, the Erysiphe or 
perfect condition is never produced, and the whole growth 
of the fungus is confined to the Oidium stage. Under 
favourable conditions of growth, the Oidium threads of 
the summer produce in the autumn little brown globose 
bodies termed conceptacles. This condition of the mildew 
is shown on the wheat stem in Fig. 55. When examined 
even with a powerful lens, these little blackish dots, termed 
conceptacles, appear less in size than fine grains of dust; 
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but wLen magnified with a moderately high power of the 
microscope, they appear as spherical bodies, furnished with 
a large number of slender, curved, radiating, tentacle-like 
amiB or branches, the whole growth being partly buried 
in the spawn, as illustrated in Fig. 57, enlai^d 100 
diameters. The limit of the pt^ will not admit of a 
higher magnification than 100 diameters j it must there- 



fore be borne in mind that this Eryaiplu is a comparatively 
la^e fungus when placed side by side with others which 
are magnified 200 and 400 diameters. The difference 
in size between this Erytvphe and Ptronoapom wigva, 
W.Sm,, illustrated, enlarged 400 diameters, in Fig. 3, is 
very striking. 
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The term conceptacle explains itself; it simply means 
a receptacle formed of one valve. Sometimes these bodies 
are termed peritheda, or boxes enclosing the bladders, 
termed asd or thecce. These bladders always in turn 
enclose spores or sporidia. The conceptacles arise, it has 
been said, at a point where two specialised threads of 
spawn cross each other, and where the enlarged ends of 
two spawn or mycelium tubes come in contact in a 
manner similar, it has been said, with the contact of the 
anther with its pollen with the stigma in flowering plants. 




Fig. 58. 
Horizontal section through a Conceptacle of Erysiphe graminiSf D.C 

Enlarged 200 diameters. 

The conceptacle or perithecium, after it is once formed 
on the mycelium, q[uickly grows in size, and speedily 
acquires a brown or blackish tint The wall of which it 
is composed is built up of minute, firm, closely -com- 
pacted cells, resembling externally, on a very small scale, 
the irregular pattern so frequently seen belonging to the 
epidermis of many leaves, as of the pea. Towards the 
base of the perithecium certain privileged cells throw out 
curved unbranched processes or tentacle-like filaments of 
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diiferent sizes, some very small, and others comparatively 
long. The largest of the mature perithecia are, however, 
so small that it would require more than 100,000 to 
cover a square inch. To understand the structure of 
these minute perithecia and their contents it is necessary 
to cut them in two both horizontally and vertically. Two 
sections of this nature are shown at Figs. 58 and 59, 
enlarged 200 and 100 diameters. By referring to the 
horizontal section, enlarged 200 diameters, at Fig. 58, it 
will be seen that twenty-four closely-packed transparent 
bladders have been cut across ; whilst in the vertical 
section, enlarged 100 diameters, at Fig. 59, five of the 
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Fig. 59. 
Vertical section through a Conceptacle of Erysiphe graminU, D.O 

Enlarged 100 diameters 

central bladders have been cut through vertically. 
With a little careful manipulation these contained 
bladders or asci may be squeezed out of the perithecium, 
and then, upon the application of a higher power of the 
microscope, it will be seen that each bladder contains 
eight spores, technically termed sporidia. A single 
bladder or ascus, with its spores in dtu, is shown both in 
Figs. 58 and 59. Three of these asci, farther enlai^ed to 
500 diameters, are illustrated at Fig. 60. One ascus con- 
taining the normal eight sporidia in situ is shown at A, 
whilst the figure at B shows the sporidia emerging from 
the top of the ruptured ascus. The transparent asci are 
so small that it would take 2^ millions of them, contain- 
ing 21 millions of sporidia, to cover a square inch. The 
peculiar shape of the oval sporidia, slightly flattened in 
their longest dimensions like the egg of a tortoise, is 
worthy of note. One of these bodies is shown, enlarged 
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1000 diameters, in the act of germination at C. The 
asci and sporidia of Peziza postuma (B. and Wils.), illus- 
trated to the same scale in Fig. 9, may be referred to for 
comparison of size and form. 

The autumn-bome perithecia do not burst and set free 
their contained sporidia during the autumn in which they 
have been formed, but they fall to the ground with the 
decaying grasses on which they have lived during the 
summer. They rest on the ground during the winter, 




XIOOO 



Fio. 60. 

Asci and Sporidia of Erysiphe graminis, D.C., enlarged 500 diameters. 

Germinating Sporidium, enlarged 1000 diameters. 

and the hard wall of the perithecium effectively protects 
the contained asci, and the asci in turn protect the 
tender sporidia against all ordinary frost, dryness, or damp. 
No sign of life can be detected in the fallen perithecia till 
the following spring or early summer, and then, if old 
decaying grass or straw is searched over, the perfectly un- 
injured perithecia may be found. In the early summer 
these bodies burst on the ground, as illustrated at Fig. 61, 
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enlaced 100 diameters. Wlien. tliej bm-st the contained 
bladders or a«d often burst at the aame time, and the 
living sporidia, after their aii months' rest, fly into the air. 
At other times the bladdera or asci themaelves fly out of 
the peritbecia, and sail, each with its little load of eight 
eporidia, through the air. When in the air the asa or 
bladdera burst, and the spores are set free in the atmos- 
phere. The facia just given can easily be seen when old 
grass or straw infected with ETydpke is kept in damp air 

_ „ C\ n (J 



Fio. 61. 

ConiwptMle or Erytiphi araminii, D.C., buteting in apriug. 

Enlarged 100 diunetcis. 

under a bell-glass, if strips of glass smeared with glycerine 
are suspendwi over the infected leaves. On to these 
strips of glass the asci and sporidia will be ejected from 
the peritbecia. It is a curious fact that the little sporidia 
are so ready for germination in the spring that they com- 
monly burst and produce spawn threads as they sail 
about in the air. 

Such of the sporidia as alight on the Oramine^e or 
graaeea attach themselves to their hosts by their spawn 
threads, and speedily produce a necklace-like Oidinm 
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similar with tlie one which preceded their own Erysiphe 
condition. 

Dr. H. W. Harkness has described, before the Micro- 
scopical Society of San Francisco, pycnidia upon the 
spawn of this fungus as found in California. Pycnidia 
are small conceptacles containing stylospores, or spores 
after the nature of conidia. The " white rust," as it has 
been termed in America, first appeared in California in 
1877 on mature wheat. In that year it covered half a 
million acres of wheat, destroying some of the crops. 
We have taken pains to completely illustrate this com- 
mon, curious, and destructive fungus, for, as far as we 
know, no complete illustrations have hitherto been given. 
L4veill6's illustration, generally referred to, in the Ann. 
des, Sc. Nat.f vol. xv., 1851, t. 10, f. 33, is very bad. 
It shows the appendages branched and the asci without 
sporidia ; the scale of magnification is also omitted. 

Hops, peas, beans, roses, and many other plants, are 
preyed upon by fungi very closely allied to the fungus of 
grass blight. 

Grass blight is synonymous with bad, impoverished 
grass, with mildewed hay, and iU-nourished herds and 
flocks. The life of the fungus which causes the blight 
is preserved through the winter in decaying mildewed 
grass and straw. These facts therefore teach us that all 
mildewed material should, as far as possible, be gathered 
together in the late autumn or winter and destroyed. If 
all the autumn-borne perithecia are destroyed it is obvious 
there can be no Oidium in the spring. The destruction 
of all infected material is perhaps impossible, but all the 
facts known in reference to the fungus of this disease 
point to the great desirability of clean farming, and to 
the necessity of destroying as much mildewed grass and 
straw refuse as possible. If all farmers would agree to 
one course of action the bad effects of diseases like the 
one here described would be greatly lessened. 



CHAPTER XXI. 

CORN MILDEW — SPRING RUST AND MILDEW. 

Puccinia Ruhigo-vera^ D.C. 

The disease of wheat, popularly known under the name 
of com mildew, is the best known and most widely-spread 
of all plant diseases. Agriculturalists are familiar with the 
reddish spots of ** rust " early in the season, and, later on, 
the black spots of autumn and winter termed " mildew." 
These spots are different conditions of the same parasitic 
fungus,the "rusts" being early conditions of the "mildews." 
Many observers believe that rusts and mildews have a 
third condition of growth, and that the mildews of wheat 
are capable of jumping over an apparent gap and causing 
a blight of comfrey, bugloss, alkanet, or barberry ; and 
the blights of these plants, termed ^cidia, in turn being 
capable of causing new " rusts," and ultimately " mildew " 
of com. 

The subject of the mildews of com may be approached 
from severed points ; and as farmers first become acquainted 
with the pests every year in the spring, when the stems 
and leaves of their cereals become rusted, we will start 
with the familiar rust of spring, premising that botanists 
term the rust Uredo, and the mildew Puccinia, These 
terms have been already explained. 

There are two rusts of com — one termed Uredo Buhigo- 
vera, D.C, the other Uredo linearis, Pers. Both are 
followed by a Puccmia, the first by P. Ruhigo-vera, D.C, 
and the second by P. graminisy Pers. The first, Uredo, 
with its Puccinia, is less known and less generally in- 
jurious than the last ; but as it appears first in the season 
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and sometimes entails great losses, it may be more coa- 
venient to describe it first. 

The spring rust of wheat appears in Match, April, and 
May, on grasses and cereals : it is common on soft grass, 
Holcva lanat'U», L. ; creeping soft grass, H, mollis, L. ; 
barren Brome grass, Bromus sterilU, L, ; and wall barley, 
Hordeum murinuw., L. Its specific name, — RvhigO'Vera, 
means " true rust" 

If a leaf of wheat invaded by "true rust" be taken 
in the month of April or May and eiamined with a strong 
lens, it will be seen, as on Fig. 62, enlai^d three diameters. 
The minute livid yellow 
pustules are tbe sori uf 
the Uredo; in the bottom 
left-hand comer of the 
illustration a few black 
spots will be seen, — 
these are the advanced 
or Pucmnw condition of 
the parasite. If we place 
a fragment of the leaf 
under a low power of 
the microscope and mag- 
nify twenty-five diam- 
eters, we shall see the 
■ X'S- pustules as at !Fig. 63. 

F[o. ei. — Fragment ot Wheat leaf in- It is now evident that 
™iBi by Vrtdo RjHiga-wra D.C. the fuugUS within the 
EUaigedSdiAmetere. ^-^^^^ ^^ j^ reaching 

maturity, burst the epidermis of the wheat lea£ The 
fungus may be seen as a fine yellowish or orange 
powder, which is set fr«e by the slightest touch and 
carried away in the air by the faintest breath. If we 
now make a transverse section through a very email 
pustule, cut off a transparent slice &«m the exposed sur- 
face, and minify 200 diameters, we shall see the interior 
of the pustule as at Fig. 64. This is engraved to the 
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aaine scale as Pwdnia mixta, Fl., Fig. 13, which muy be 
referred to for comparison 
The yellow powder ia now 

seen as a moss of j'eUowiah j 

sub-spherical or ovoid spores, 
each spore filled with dense 
granular protoplasm, is sup- 
porttid on a short stalk and 
springs fi:«m an involved 
stratum of mycelium. A single 
spore is seen emerging through 
the centre of a ruptured pus- 
tule at A. The transparent 
circles at BB are part of the 
cellular tissue of the wheat 
leaf. When the spores escape 
in this matter, as they do in 
inconceivable numbers, many X ■ 25 

fall on to the leaves from Fio-BJ.-PnatulesorSoriorLVsJo 
which they have grown, In ^''"C^.d MdiLll^n ' 
their new position they germi- 
nate, as at Fig. 65, by the protrusion of a spawn-thread 
from both sides, the vital material pours from the spore 




into the threads ; and as the spores get empty a septum 
appears aa at A, and cuts off the connection of the germ- 
tube with the spore. The germinal threads now enter 
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the orgaiiB of tranEpiradon of the leaf, and there form a 
new atratQm of mycelium, from which new Uredo puetules 
arise. Under favourable circumstances thie growth and 



Germlnstlng spon of Undo RiMio-vcm, D.C. 
Enlarged 1000 diametera. 

regrowth of siiccefisive crops of spores goes on for several 
weeks, until the whole plant, whether wheat, rye, or some 
wild grass, is at lei^th permeated by the spawn. 

The above -described condition of spring rust is the 
same with Uredo Rvhigo, D.C, Uredo IivJngo~vera, Liv., 
Cmoma Eviigo, Lk,, Trichobagii Rvhigo-vera, lAv., and 
TrichahatU glumarum, Ldv. 

Ab the autumn and winter approach, the pallid and 
yellowish spots of the Vredo vanish, and black spot'^ 
appear, and this black condition is the mature fungus of 
the mildew named Puceinia Rvhigo-vera, D.C, A small 
piece of wheat-stem is illustrated, enlai^d five diameters, 
at Fig. 66, the email black dots show the Pveeinia 
pustules. Reference may be here made to Fig. 12, where 
similar pustules are shown, to the same scale, oti a frag- 
ment of a flower stem or scape of chives. The black sori 
are farther enlai^ed to twenty-five diameters at Fig. 67, 
to show that the pustules are almost identical in appear- 
ance with the Uredo lori of Fig. 63 ; the only difference 
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ia the Uredo produces simple oval yellow spores j whilst 
the Fiuxinia produces dark brown or blackish spores, each 
of the latter having a joint or septum across ita narrowest 
diameter. 

A section through a Puednia 
Boras is shown, enlarged 200 diam- 
eters, at Fig. 68 ; the . Pucdnia 
spores are pushing in the same 
manner as the Uredo through the 
ruptured epidermis of the wheat 
leaf. The dark elongated bodies at 
AA are said to be paraphyseg — pos- 
sibly in this cose undeveloped 
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Flo.M. — Fngmentof Wheatslein Fio. G7.— Fuslulai ur Bori o( Puc- 
inndtdby PucetnUt Rubii/o-Tci-a, cinia]itMgQ-veTa,D.C. Enlvged 

D.C. Enlarged S dinmeten- 25 diameters. 

Pticdnia spores. The compound Eporea of Puceinia 
Ruhigo-vera, D.C, act as resting -spores, for although 
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^ddium spores give rise to the Uredo if placed on 
certain grass leaves. In the next chapter will be found 
a description and illustration of the JEcidium, 

Before dismissing Pucdnia Rvbigo-vera, D.C., we may 
say that Uredo and Pucdnia spores often, though not in 
this species, grow together in the same pustules, and that 
P. Bufyigo-veray D.C., and P. graminis, Pers., often grow in 
company on the same leaves and stems. These parasites 
divert the material which should go to the production of 
good ears of grain for their own support ; they therefore 
cause the general growth of corn to be weak and the ears 
to be small in proportion to the virulence of the attack : 
the straw, too, is not only damaged, but is made the 
means of carrying the disease over the winter for the 
following season. A variety of P. Evhigo-vera, D.C., 
termed P. simplex, Kor., also occurs. The teleutospores 
in this plant consist chiefly of a single cell, similar to the 
single-celled examples of P. mixta, FL, illustrated in the 
left-hand spore in Fig. 14. P. simplex, Kor., has also 
been described as a species under the name of P. Hordeiy 
Fl., and P. anomala, Host. 

Pucdnia Buhigo-vera, D.C., occurs in Europe on Cctlc^ 
magrosHs Epigejos, Rotlu ; Arrh&nMherwm elatior, L. ; Holcus 
mollis, L. ; J?. lanattLs, L. ; Avena flavescens, L. ; Feshica 
elatior, L. ; Serrafalcus secalinus, Bab. ; Bromus mollis, L. ; 
Secale cereale, Walld. ; B, a/rvends, L. ; B, asper, L. ; TrtU- 
cum vulgare, VilL ; LoUvm temulentum, L. ; Hordeum vul- 
gare, L. ; H. distichum, L. ; H, murinvm, L. ; and J7. 
secalinvm, Trin. 

Suggestions for preventing and destroying the mil- 
dews of com are adverted to in the chapter where the 
evidence for the connection of Pucdnia and Mddiwnh is 
reviewed. 

Pucdnia BuMgo-vera, D.C., is the same with P. stra^ 
minis, FL, and P. striceformis, West. 



CHAPTER XXII. 

BORAGE BLIGHT. 

/Eddiiim asperifoliiy Pers. 

As tlie disease of barberries, believed by many botanists 
to be one condition of the fungus of summer rust and 
mildew of wheat, is popularly known as " barberry blight," 
it may be well to term the closely allied fungus of the 
Borage family, which is similarly associated by many with 
the spring mildew of com, borage blight. 

The name of the fungus blight found on various plants 
belonging to the Borage family, and considered by many 
observers to be one form of the spring rust of com, is 
^cidiv/m asperifoliiy Pers. The name JEddium is derived 
from the Greek, and should properly be written (Eddiv/m ; 
the word means a little chamber, in reference to the form 
of the fungus in an infant state, as shown at C in our 
iUustration of the uEddium of summer mildew of com, 
Fig. 83 ; — asperifoliiy refers to the nature of the coarse 
hairy leaves of sev^»l of the Boraginaceous plants on 
which the uEddivm, grows. 

The fungus of spring rust and mildew, already described, 
is generally common in Britain, — so common that persons 
walking through wheat fields have sometimes had their 
boots and clothes covered with the orange spores. The 
.^ddiv/m, on the other hand, said to be one condition of the 
Uredo and Pi^cctnm, is one of the rarest of British plants. 
jEcidia grow within the tissues of plants, and in these 
positions they form minute spherical balls, filled with 
chains of whitish or yellowish, semi-transparent, generally 
spherical, spores. In the process of growth the immersed 
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spheres burst through the cuticle of the host plant — gener- 
ally &om the under side of the leaves, and often through 
the sfem. As the Mcidium cups mature they burst at the 
exposed apex, and the iractnred part turns back so aa to 
give the little fungus growths the form of minute cups 
filled with spores. 

The under aide of a leaf of Tuberous Comfrey, Sym.- 
phytwm tuberosum, L., is illustrated, natural size, at Fig. 
70, Two groups of the cups belonging to j^cidium 



Leafof TnbetoaaComfMr, Synph^n luWotum, L,, Invaded bj' Meldimn 

atperifolil. Pus., natural flize. 

^Bidluni cape at B enlarged 10 dIameCers. 

atpeiifaUi, Pers., are shown at AA.. Each cluster of 
cups is Bnrroimded by a laige pallid diaease patch, which 
has been caused by the exhaustion of the vital material of 
the leaf by the spawn of the fimgua which at first grew 
within. The fungus growth has also caused the leaf to 
become torn. Five of the little jiEcidvam cups are shown, 
enlai^d to ten diameters, at B. 

At A, Fig. Tl, one of the mature jEedium cups is 
farther enlaiged to fifty diameters ; the cup has burst, and 
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its frayed eilges, made up of transparent polyhedral cellB, 
ore outwardly curved. Springing from the interior are 
the chains of globose (or BUghtly polyhedral) spores. The 
cells of the wall of the cap and the contained spores 
are nearly the same ia size, the spores being some- 
what lai^er than the cells ; the difference in the appear- 
ance of the two under the microscope is very striking, 
for the component cells of the cup have a thin wall, 
and are filled with a watery fluid, whereas the spores have 
two or even three coats, and are filled with granular and 
lustrous protoplasm. The spores, unlike the constituent 
cells of the jEcidiimi, are commonly studded with minute 



sub-globose particles as at B, enlai^d 1000 diameters; 
these small bodies, as seen attached to the circumference 
of the spore, are considered to have the same function as 
pollen-grains, and are termed spermatia. 

As the nature of uilcidium is fully explained under 
j^Icidmm Berberidis, Pers., Chap. XXIV., it is not neces- 
sary to describe it in this place, especially as A. ay)erifolii, 
Pers., ia not a completely typical species. 

It is Hu£&cient here to say that Professor A. de Bary of 
Stnuibourg slates that the spores of this ^cidinm will 
not reproduce an jHcidium on germination, hut, on tho 
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contrary, will produce Uredo RvMgovera, D.C., if placed 
on the leaves of various grasses and cereals. Professor 
de Bary states, Nevs UrUersv^hungen iiher Uredi'nem, ii 
1866, that the germ tubes of the ^cidium spore, on 
germination, bore into the cuticular cells of certain grasses, 
and develop a mycelium in the body of the leaf, which 
mycelium at length gives rise, after about eight days, to 
Uredo Bubigo-vera, D.C. 

jiEcidiv/m asperifolii, Pers., has been found in Europe 
on Gynoghssum officinale, L. ; Borrago qfficmaUs, Tour.; 
Anchusa officinalisy h.; A, arvends, Bieb. ; Nonnea pulla, 
D.C; Symphytvm officinale, L.; S, tuberosum, L.; CerinOie 
minor, L. ; G, alpina. Kit. ; Echium vulga/re, L. ; Pulmon- 
aria offi/yinalis, L. ; P. tuherosa, Schrk. ; and Lithospermum 
arvense, L. 



CHAPTER XXIII. 

CORN MILDEW — SUMMER RUST AND MILDEW. 

Pitcdnia graminis, Pers. 

Thb Bummer rust and mildew of corn, as caused by the 
fungus known as Pticcinia gra/minis^ Pers., is of greater 
importance from an economical point than the spring 
rust and mildew already described. The losses entailed 
on farmers by attacks from Puccinia graminis, Pers., have 
sometimes reached 60 or even 75 per cent on the whole 
crop ; where there should have been 40 or 50 bushels 
only 20 have been harvested, and in some instances only 
12 have been recorded. 

The first parasite may be found in its early or Uredo 
state in March, April, and May, whilst the summer rust 
is seldom seen till June or July. 

As in the last, the early condition of summer mildew 
is the rust stage, termed in this case Uredo linearis, 
Pers. The generic name has already been explained ; 
linearis refers to the elongated form of each dot or 
disease pustule. The black condition of the fungus, as 
found in autumn and winter, is the one termed Puccinia 
graminisy Pers. The name Puccinia has been explained ; 
gra/rmnis needs no explanation. 

Botanists in former times believed the red and black 
spots of rust and mildew to be caused by two distinct 
fungi ; it is, however, very common to see both Uredo 
and Puccinia spores in the same pustule. 

Part of a wheat leaf suffering from summer rust, Uredo 
linearis, Pers., is shown at Fig. 72, enlarged three 
diameters. The Puccinia or mildew is replacing the 
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Uredo in the black spots in the bottom Uft-hand corner 
of the illuBtration. Two pustules (technically sort, or 
spore cases), are further enlMged to twenty-five diamet«r8 
in Fig. 73. It will now be instructive to torn to Figs. 
62 and 63, where the spring lust ia illustrated to the 
same scale. 



FiQ. Tli.— Fngment of W1» 
vaded bj Uredo liwa 
EDlirged S diuneten. 35 diamsMis. 

Neither Urtdo Svhigo-vera, D.C, or U. iiTwarw, Pers., 
are confined to one side of the folii^ of cereals ; they 
grow on both sides, and (especially in U. limearit, Pers.) 
attack the inflorescence with its glumes and pales. The 
latter oi^ns have been described under ear-cockle. 

The Uvedo of summer rust is less livid or yellow and 
more orange or brown in colour than the Uredo of spring 
rust, and being altogether larger and more robust in 
growth it splits and lacerates the cuticle of the affected 
plant more completely ; but the description of the postules 
of spring rust apply generally to the larger aori of the rust 
ofsi 
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If we now cut across the lai^r of the two pustules 
of Bummer mat, as illustrated at Fig. 73, and magnify a 
thin transparent slice from the cut surface 200 diameters, 
as was done with U. Ruhigo-vtra, D.O., we Bhall see it aa 
at F^. 74. We now iind that a, typical pustule of 
stmimer rust is so large that the page of our book is in- 
sufficient for it. The eBgraving at Kg. 74 therefore shows 
one-half the diameter of a sorus only, AB being the centre 
line. The closely packed Uredj) spores are supported on 
somewhat longer pedicles than in U. EMgo-vera, D.C., 
and the spores themselves differ not only in colour but also 



somewhat in shape and size. They spring from a stratum 
of involved jointed brownish mycdium. The constituent 
cells of the wheat leaf ore shown at Fig. 74, C, and 
two organs of transpiration belonging to the leaf are shown 
at DD. Two typical Uredo spores, supported on their 
transparent pedicles, are enlai^ed 1000 diameters in Fig. 
75. No individual spore in a sorus exactly agrees in 
shape and size with another ; they vary, however, within 
well-delined limits. Germination has commenced in the 
smaller of the two spores at A. 

The Uredo aporea fall very readily from their support- 
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ing atems, and as they fall the Mntest breath of air wafts 
them away. 

If Uredo sporea are kept in moist air for a few hours 
they readily germinate, Thia genninatioii usually takes 
place by tbe protrusion of two germ tubes or threads o( 
mycelium, one from each side, usually near the middle, 
and rarely from or near the top of the spore. The Bpota 
whence the tubes ax« destined to emeige from the spores 
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can often be readily seen before germination takes place 
as at BC, Fig. 75. These germinal spots are weak 
places in tbe inner wall of the spore. Two sporep, 
enlarged 400 diameters, are shown germinatii^ on a frag- 
ment of tbe epidermis of a wheat plant in Fig. 76. 
These two spores show the extreme limit of size. It 
seldom happens that both germ tubes continue their 
growth ; one usually remains effet«, as at AA, whilst 
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the yellowish granular contents of the XJredo spore pour 
into the other and more atrongly growing tube, BB, Fig. 
76. In a day, or a day 
and night, this stronger 
thread will have grown in 
a convolved fashion, as at 
0, and will have attained 
many times the length of 
the epore from which it 
started, and the whole of 
the contents of the spore 
will now be in the ger- 
minal tube. When this" 
st^e of growth \s attained 
a septum or stop grows 
across the mycelial thread, 
aa at D, and the dead and 
empty spore case is cut 
off from the livii^ thread. 

If this process of ger- 
mination is watched on 
glass and not on a cuticle 
stripped from a wheat leaf, it will be noticed that the 
germ tube will flow into any little scratch or depression 
on the glass, just as a brook gradually Sows into the 
lowest positions of a river valley, or as rain water makes 
its way into oiu- brooks by following little depressions in 
the land surface. 

If, on the other hand, the process of germination is 
watched on a shred of transparent epidermis torn from 
a wheat leaf, the thread of mycelium will be observed 
to follow the minute depressions formed where the con- 
stituent cells of the epidermis raeetj and by following these 
fine depressions, as at E, the germ tube at length 
naturally arrives at one of the minute mouths, oi^ans 
of transpiration, or stomata, belonging to the plant, as at 
F. These are the lowest paints on a leaf surface, and the 
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germ tube of the rust fungus enters the tissues of the 
host plant through these apertures, just in the same way 
as it would enter a small hole in a microscopic slide or go 
over the edge of a slip of glass, as we have many times 
seen it do. A stomate belonging to wheat is very large 
in comparison with the size of a spore ; the length of an 
organ of transpiration is from G to H. 

When once the Uredo mycelium has found its way 
amongst the tissues of the wheat plant, the germ tube is in 
its natural position ; it now branches right and left, and 
ramifies amongst the green constituent cells of the leaf. The 
mycelium here quickly produces new Uredo pustules, which 
burst through the wheat cuticle in fresh places, so that a 
wheat leaf which may have had only a few pustules in 
June, may have the number more than quadrupled by July 
by the continued germination of the Uredo spores on the 
leaf surface. No doubt the mycelium also spreads in the 
leaf from the base of the original pustules. 

Before proceeding farther it must be noted that these 
Uredo spores are very short lived, for if they germinate on 
any unsuitable material they quickly perish. When all 
the vital material is once poured out of the spore into the 
germinal tube, growth can proceed no farther on an un- 
suitable matrix. It is only when the spores germinate 
on grasses, and the germ tubes find their way through the 
organs of transpiration into the tissues of the supporting 
plant, that the plasma of the fungus is able to continue its 
existence. It is therefore obvious that when the frosts of 
\^dnter arrive and grasses are for the most part dead, or, 
if alive, sluggish to the last degree, that this fungus, 
which has a much more slender hold on life than any 
grass, must perish. Unless the mycelium of the rust 
fungus has moderate warmth, sufficient moisture, and the 
interior of a living grass, it probably always collapses and 
perishes. 

As in the spring rust of wheat, the life of the fungus of 
summer rust and mildew is carried over the winter in the 
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following maniLer : As the summer advutces the rust 
mycelium within the leaf of the wheat plant gtadually 
ceiwea to produce rust spores, and, instead, produces dark 
brown or blackish Hpores — jet black 
to the unaided eje. A fragment of 
a wheat stem ia illustrated at Fig. 
77, enlarged five diameters ; the 
jet black pustules here shown repre- 
sent the genuine corn mildew of 
i^riculturiata, and this perfect con- 
dition ot the disease ia the Putdnia 
graminis, Pers., of botanists. The 
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Fio. 77.— Fr^mentof Wheat Fia. 7S, — Puatnlea or Sor[ of Fmciaia 
stem Invaded by Puccinia fframinit, Fers. Enlarged 25 dli- 

graMinU, Pen. EnlarBed metera. 

5 d<amet«n, 

black disease spote ore much lai^er in P. graminis, Pers., 
than in P. SMgo-wra, D.C., aa may he seen by referring to 
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Fig. 66. Three pUBtiiles are fartlier enlai^d to twenty- 
ttve diameters in Fig. 78. A reference to Fig. 67, where 
the pufltuleB of P. Btibt^o-vera, B.C., are illustrated to tbe 
9aine scale, will show the difference in size of the Eori 
belonging t» the two mildews. The familiar condition of 
the burst epidermis of the leaf ia seen in both, and it is 
noticeable in P. graminit, Pers., that in bad cases the 
black pustules commonly become confluent. 

We will now take a transverse section on the line AA., 
though the smallest of the three pnstules illustrated in 
Fig, 78. If we magnify a thin transparent slice from the 



s of Pwcinio (jraiBfiitj, 

cut surface 200 diameters as before, we find the limits of 
the page insufficient for it. One-half the section, there- 
fore, only is illustrated in Fig. 79, the centre line being 
shown at AB. If reference is now made to the section, 
through a complete pustule of Pucdnia Bubigo-vera, D.O,, 
as illustrated to the same scale in Fig. 68, the difference 
in size between the two sori will be apparent The 
difference in form of the contained teleutospores will be 
seen when the teleutospores of Puccinia jramtnw, Pers., 
Fig. 80, are compared with the germinating l«leutospnre 
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of P. RvMgiM)eTa, D.C., illustrated in Fig. 69, both en- 
Urged 1000 diameters. The supporting steme of Puccima 
ijraminii, Pers., are larger in proportion, and are accom- 
panied by no paraphysea 
in the son. 

To eee the germination 
of the black Pweinia spores, 
old Puccinia invaded straw 
must be looked for in the 
spring months, and the 
Pueomia spores must be 
taken from a pustule with 
aemall knife orneedle,and 
placed in a film of water 
under a thin cover glass on 
a slide, and kept in moist 
air (to prevent evaporation) 
under a bell glass. Ger- 
mination usually takes 
place, as in P. RuUgo-vera, 
D.C., by the protrusion of 
a thread from each of the 
two cells of the Puccinia 
spore, as illustrated at Fig. 
81, enlarged 1000 diam- 
eters. These two threads, 
the first produced in the 
spring, are the pro -my- 
celium, or the first my- 
celium, of one end of the 
cycle springing from the 

"finishing spores" or tele- Fio. so.— Teleulosporca of Pwxinia 
ntospores belonging to the iTraminis.Pers.pSsboriieiiiautumu 
.1. J rm.° »i>il winter. EnlBrged lOOtt dia- 

other end. This pro-my- „„,„„ 
celium is seen at A A. The 
pro- mycelium proceeds to r 



great length, but after i 



times attaining three or four times the length of the black 
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Fig. 81. 
Teleutospores of Puccinia graminis, Pers., germinating in early summer. 

Enlarged 1000 diameters. 

teleutospore belonging to the Puccinia^ it usually coils 
round somewhat like a shepherd's crook, produces about 
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three stops, joints, or septa, as at £, C, D, and from each 
of the tliree separate pieces three fine branches arise, and 
these branches bear at their tops three irregular oval 
transparent, very pale amber-coloured spores, as illustrated 
at E, F, Q. These spores are the third of the series. 
First we have UredOy or rust spores ; then Pv4icinia, or 
black mildew spores ; last, spring or pro-mycelium spores. 

Pro-mycelium spores germinate very readily in a film 
of water on glass, as illustrated at H, by the protrusion 
of a fine tube of mycelium. 

In a state of nature the black Puccinia spores germi- 
nate upon straw, as it rots on the ground in the spring, 
and the minute ovoid pale lemon -coloured spores are 
carried about in the air in millions — that, too, in the 
springtime, when com first becomes invaded, and when 
the first signs of summer rust or Uredo appear upon our 
cereals. 

Judging by what is well known amongst other fungi, 
it would be perhaps reasonable to suppose that these little 
hyaline spores (particularly as they arise from specialised 
resting-spores) would reproduce the rust from which they 
were originally derived (and nothing else), if they came 
in contact with grasses* Many botanists believe this to 
be a fact ; others say they do not, but, on the contrary, 
that the cycle of com mildew is not complete with the 
production of these spores. Many observers believe that 
before the pro-mycelium spores can cause the rust of corn 
they must be nursed by a barberry bush ; that the lemon 
coloured spores invariably refuse to effectually grow on 
the leaves of grasses, but when placed on the leaves of 
barberries they find themselves so thoroughly in a natural 
position that they do not, on germination (like the majority 
of fungus spores) gently follow the uneven surface of the 
leaf cells, and so quietly enter by the stomata ; but the 
mycelium from the spores, it is said, sinks into the hard 
leaves of the barberry, through the cells of the epidermis 
(not between them) to the body of the leaf, and there. 
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patches, on the leaves. If we exajnine the upper snrface 
of the leaves we shall see reddish patches siiiiilar with 
those below, but these upper patches are more or less 
covered with little black dots technically termed »ptrmo- 
nonet. These spermi^ones, of which there are four groups 
in Pig. 82, are illnstrated at BEB, Although the spermo- 
gones nsnally grow on the upper surface of the leaf, 
sometimes thej ma^ be seen on the lower surface. Thej 



BarbciTjleires iniadcd by xadi-nmStrbrridii, Tets. 

sometimes grow on tbe same patches with the jEcidiuin 
cups on the lower surface ; at other times they appear by 
themselves without Meidia. As each apermogone dot is 
smaller than the point of a pin they are easily overlooked, 
especially when they grow in very small companies, or as 
ungle specimens. Tbe speimogones usuaUy appear before 
the .i^cuitum cups. 

If we look at the black dots with a strong lens we shall 
still, owing to their excessive smallness, only see them aa 
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black dots ; but if we look at the j^cidium clastera with a 
similar lens, we shall see companies of beautiful sulphury 
yellow cups, bursting open throngh the lower epidermis 
of the leaf, and each cup filled with yellow powder re- 
Bembling small pollen^rains. 

To understand the nature of the j^Hdiwa citpa and the 
black sperm<^one dots, we must cut a section thniugh the 
harberry leaf, and this section must be so made that it 



Section through a BurberTT leaf, ahowliig the c 
Fen,, below, ajiillhe Bpeimogoues Rbave. 

will pass through the centres of the cnps and the spermo- 
gones. Such a section ia illustrated at Fig. 83, enlai^^ed 
50 diameters. A represents the lower surface of the leaf, 
and B the upper. At C one of the little ^Mtidia is seen 
buried (a small chamber full of spores) in the tissues of 
the leaf, and at DD two of the ^eidium cups are seen 
quite mature and open, the epidermis of the barberry leaf 
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being rent. These cups may be compared with the 
AUddium cups of the allied jE, asperifolii, Pers., illustrated 
to the same scale in Fig. 71. At EEE three of the 
little black spermogones are seen in section. In the 
middle of the leaf, at FF, amongst the green cells, may be 
seen a longitudinally cut mass of vascular tissue or spiral 
vessels belonging to one of the veins. The abnormal 
thickness of the leaf caused by the presence of the fungus 
is shown at GH. An embedded unripe spermogonium is 
shown at J, and an organ of transpiration at K. 

From a large number of observations made with the 
view to trace the origin of the Mcidium cups and the 
spermogonia in the barberry, we believe it takes place 
in the following manner: — If sections are repeatedly 
taken through affected barberry leaves it will be seen that 
numerous minute granules and extremely small disjointed 
fragments of mycelium may be seen in the intercellular 
spaces. The fragments and granules vanish by degrees into 
the finest dust at one end of the series, and appear as short 
threads at the other and growing end. As the disease 
advances the granules extend in growth, and appear as 
fine yellowish-orange tubular mycelial threads tonished 
with septa. This mycelium has a natural tendency to 
grow towards both surfaces of the leaf, the growth becom- 
ing more profuse as the surfaces are neared. When the 
mycelium has .reached the epidermal cells, under and 
upper, it forms minute compact knots ; the upper knots at 
length become the spermogonia, and the lower the ^cidium 
cups. 

At Fig. 84 is represented a section through an JScidiuTn 
cup, enlarged 150 diameters. The lower epidermis of the 
leaf is shown at AB, ruptured by the fungus from within 
at CD. The fine septate, almost granular, mycelium, 
from which the fungus springs, is shown at the top of the 
illustration at D, and creeping amongst the intercellular 
spaces at E. The outer coat, or peridium, of the cup, 
consisting of a single stratum of transparent polyhedral 
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inveBting Cells, ia shown at FF, and the sulphur-yellow 
spores hanging in chains iroia the open cup at G. Am the 
spores composing these chains drop away into the air, othera 
are produced bj a continued growth irom the bed of fine 
mycelium or spawn at D. Tlie shading indicates the 



a 150 diuneten. 



crimBon corrosion of the cells of the. harheiry leaf caused 
by the presence of the embedded Mcidium cup, and the 
constitnent cells of the leaf are shown at HH. 

The growth of the spemiogouia is not quite the same 
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with tbat of the JEcidium cups. The mycelium gradually 
approaches the upper epidermal cells by the intercellu- 
lar spaces. When it is very near the surfiEU^ it forms 
minute knots similar with the knots of the ^^idivm, 
eups, but the growth differs in an important particular ; 
for whereas the JEcidium cup grows from the base, as at 
D, Fig. 84, the spermogonium grows by a constant pro- 
trusion of new threads from the circumference to the 
centre. A spermogonium, even when almost mature, is 
like a brownish circular ball, with a loose enclosing mesh 
of mycelial threads, and from this bark-like mesh innumer- 
able rays of mycelium reach to the centre, the central spot 
being darker than the raysl The name, spermogonium, 
means a flask or case containing spermatiay and spermatia 
are extremely minute bodies with a function supposed to 
be similar with that of pollen. 

A ripe spermogonium is illustrated at Fig. 85, enlarged 
300 diameters. It must be particularly noted here that this 
spermogonium is magnified to twice the scale of its accom- 
panying ^ddium cup, Fig. 84. This is necessary in 
order to show the much finer details of all its parts. The 
first thing to be noticed by the reader is that the constitu- 
ent cells of the leaf, as at AA, although magnified twice 
as many times as the similar cells at HH, Fig. 84, are 
not nearly so large a& the latter. The explanation of this 
is, that the cells belonging to the upper part of the leaf 
where the spermogonia grow are very much smaller in size 
and much more closely compacted together than the cells 
belonging to the lower and looser portion of the leaf. 

The upper epidermal cells of a barberry leaf are shown 
at BC, Fig. 85, and burst apart at DE. The spermogonium 
has no true Wall or bark, but its entire outer surface is a 
woven coating of extremely attenuated, brownish, some- 
times almost granular mycelium ; this mycelium can be 
traced into the adjoining intercellular spaces of the leaf, 
as at FG. The illustration shows the mycelium belong- 
ing to the outer surface of the immersed spermogoninm 
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glowing m almost straight lines towards the centre. Whea 
maturity is reached the spermi^Qinm opens at the top, 
and the contents buist through the epidermis of the bar- 
berry leaf, as shown. At the time of bursting, the Lttle 
dark central mass turns up towards the burst point, and 
the growth of the spermogone threads is continued through 
the ori&ce, as shown at HH. The septate spermogone 
threads, after they have reached the air, break up into 



ti«ction tbrough h 

extremely small granules, and these granules are the 
(pernulio of botanists. They are supposed to be little 
grains beloi^ing to a male organism, roughly answering 
to the pollen of flowering plants. Most of the illustrations 
of jEeidiwm spennogonia hitherto published are incorrect. 
After the jEcidiwn cups and spermogonia are once 
formed, most of the mycelium amongst the cells of the leaf, 
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from which the cups and spermogonia arose, breaks up 
into the finest conceivable dust, or dissolves away, and so 
is lost to sight. 

A single JEcidium spore is enlarged to 1000 diameters 
at Fig. 86. To the spore are attached four of the so-called 
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Fia. 86. 

Germinating spore of Mcidium Berheridis, Pers. 

Enlarged 1000 diameters. 

spermatia from the spermogones, just as one commonly 
sees pollen-grains agglutinated on to a stigma. 

The spores germinate rather sluggishly on damp sur- 
faces, but when seen in a state of germination a mycelial 
thread is protruded in a convolute fashion from one of 
about six privileged or weak points on the surface of the 
spore. Into the mycelial thread the vital material from 
the spore is poured. 

The tardy germination of the spores seems to indicate 
that they are of the nature of resting-spores, and therefore 
able, under suitable conditions, of resting for a prolonged 
time. It is generally believed that the spores arise from 
male and female elements, and these facts indicate to some 
observers that the cycle of the JEcidium is complete in 
the production of these spores, or that no other spores are 
likely to exist unless simple conidia or bud spores, as 
opposed to resting or sexually-produced spores. 

Of late considerable attention has been directed to the 
fjEUJt of the occurrence of jEcidium Berbertdis, Pers., on the 
more ornamental species of barberry of our gardens and 
shrubberies, and especially its growth upon Mahonia 
AquifoUum, Lindl. The rare occurrence of the parasite 
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npon other barbemea than the wild barberry of Britain 
has long been, well known. A short paper from the pen 
of Mr. Charles B. Plowright, M.B.C.S., has been published 
in the pToceedinga of the Jioyal Sodety, No. 228, 1883. 
In this paper Mr, Plowright considera he has proved by 
experiment that the j&irfium upon Mahonia is one con- 
dition of the Biimmer mildew of com, Pucctjtw graminit, 
Pere. Mr. Plowright kindly fumiahed us with numerous 
examples of Makonia berries on which the ^eidivm, waa 
growing, not only upon the exterior of the berries, hut 
sometimes upon the seeds exposed in berries buret by the 



growth of the fungoa. Doubtlessly the Mcidvwm, cups grew 
on the seeds after the berricB were hurst. Two Mah/mia 
berries badly infested with the ^cidiiim are iUustrated at 
Fig, 87, enlarged five diameters. The presence of the 
fungns, as is usual, causes hypertropHed or greatly swollen 
places on the affected pail We shall refer to Mr, Plow- 
right's communication further on ; in the meantime we 
point ODt that the parasite sometimes occurs on the leaves 
and petioles, as well as the berries of Mahonicu and the 
other ornamental species of garden bnrberries. 
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Here we come to a halt similar to the one we came to 
at the conclusion of the description of Puccinia graminis, 
Pers. Some botanists believe that ^cidium Berberidis, 
Pers., is probably complete in itself, others state that the 
JEcidium spores will not enter the organs of transpiration of 
barberry leaves, but will only enter the stomata of grasses, 
and that then they produce, not an ^cidium, but a Uredo, 
viz. Uredo linearis^ Pers., the first stage of the fungus of 
the summer mildew of com, — Puccinia graminis, Pers. It 
will be remembered that a similar phenomenon was said 
to hold good with the fungus of spring mildew of com 
and the fungus of borage blight 

We will now impartially review the evidence brought 
forward on both sides of this disputed question, withhold- 
ing nothing — as far as our knowledge goes — for or against 
the alleged connection of Puccinia and u^cidium. 



CHAPTER XXV. 

THE POSSIBLE CONNECTION OP THE FUNGUS OF CORN 
MILDEW AND THE FUNGUS OP BARBERRY BLIGHT. 

In the following review of the evidence for and against 
the connection of the fungi found under the genera 
Piiccinia and Mcidium, it will be understood that the 
remarks made in reference to the fungus of the summer 
rust and mildew of com, with its supposed ^ddium 
condition on barberry bushes, applies also to the spring 
rust and mildew and its supposed JEcidium on members 
of the Borage family. In fact, the following notes apply 
to every instance where there is a supposed connection 
between Puecinia and its allied genera on tbe one hand, 
with JEddium and its allied genera on the other. 

First we will give a brief account of the popular belief 
which is said to have existed amongst rustics in old times, 
then we will give tbe evidence brought forward by some 
men of science as supposed proofs of an actual connection 
of com mildews with the blights of barberry and borage ; 
and, lastly, we will state the reasons why other men of 
science in some instances reject the evidence of the sup- 
posed connection, and in other cases consider the connec 
tion as unproven. As each of these branches of the 
subject are reviewed we will state how our mind has been 
impressed by the statements. The readers of this chapter 
may then form their own opinion as to the value of the 
fjEusts as well as of the deductions which have been either 
reasonably or unreasonably drawn from them. 

The first we hear in regard to the connection of com 
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mildew and the blight of barberry bushes is a popular 
belief said to have been common amongst rustics in old 
times, that barberry bushes blighted com. Now, although 
popular belie& peculiar to rustics of the last century need 
not be altogether disregarded, yet we are inclined to put 
a low estimate upon them. The rustics of the last century 
did not always fix on the barberry bush as a supposed cause 
of com mildew, for in some districts old hawthorn bushes 
were believed to be the cause; and to this day the labourers 
of some parts of the eastern counties, as in the Hardingham 
district, believe hawthorn bushes to be the cause, or, if not 
the sole cause, to be at least equally pernicious to com with 
the barberry bush itself. The barberry is not everywhere 
considered by rustics to be capable of causing com mildew. 
In some districts the barberry is said to be the cause of 
Bunt, a disease of com described further on in this work. 
This belief was at one time very prevalent on the Conti- 
nent, and is described by Fhillipar in his TraitS Organo- 
graphique et Physiohgico-Agricole sur la carie, le CharboTij 
V Ergot, la Bouille, et autres Maladies du rrUme genre qui 
ravagent lee GMalee: Versailles, 1837. The division of 
opinion amongst rustics appears to us to militate against 
the acceptance of one particular view and the rejection of 
the others. Rustics of the last century were very super- 
stitious, and the farm labourer whose family was destroyed 
by ergot in the last century (referred to in this work 
under " Ergot '0 would not bdieve that bad wheat was the 
cause of the limbs of his family rotting off, but insisted 
on the cause being witchcraft. No one at the present day 
would consider the exploded idea of witchcraft supported 
by this old belief of rustics, and we are inclined to give 
no better credence to the ideas of rustics as to the connec- 
tion of com mildew and bunt with barberry and thorn 
bushes. The feirm labourers possibly noticed that the 
colour of the fungus of rust of com and that of the fungus 
of barberry blight was the same, and this may have led 
them to connect the two. When the barberry is in flower 
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it gives out an unpleasant odour ; and as the fungus of bunt 
also gives out an offensive scent, it is quite possible that the 
similar strong odour belonging to both parasites at one time 
led rustics to connect barberry blight and bunt together. 

In past times rustics not only believed in witchcraft 
and magic, but they, as we all know, had strange beliefs 
regarding the influence of the moon on the weather, and 
other old beliefs which now prevail to a less extent. No 
one would now think of bringing forward these absurd 
old beliefs in support of the more exact astronomical and 
meteorological knowledge of recent times. 

In the agricultural journals of the last hundred years 
many curious observations may be found from the pens 
of sharp observers, who really thought the connection of 
com mildew and barberry blight to be proved. Other 
observers, however, and equally sharp ones, have brought 
forward evidence of an entirely opposite character ; so 
that nothing has been proved from old experience either 
for or against the connection. Mr. C. B. Plowright, in a 
valuable paper published in the Garden&ri Chronicle for 
19th August 1882, has given all the popular evidence 
that he could collect in favour of the barberry being in- 
jurious to com ; but this gentleman has not referred with 
equal fulness to the popular evidence that told the other 
way. Prof. J. S. Henslow, writing in the Journal of the 
Royal Agricultmral Society in 1841, vol. ii. p. 13, said 
that practical men were by no means unanimous in de- 
nouncing the barberry. An experienced cultivator of 
Hamburgh is referred to in that paper, who, after observa- 
tions made for thirty-one years, expressly contradicted the 
commonly-received opinion. Experiments are recorded 
by Professor Henslow which were made at Copenhagen. 
Wheat was there planted and surrounded by barberry 
bushes without obtaining any mildew. A similar experi- 
ment was made by Jnssieu in the garden of Trianon with 
a like result. Mr. Knight also only obtained a negative 
result with experiments of the same class. Mr. Henslow 
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states that he only knew of a solitary instance of barberry 
boshes growing near com, and there the com was worse 
mildewed than elsewhere, not because of the juxtaposition 
of the barberries, but because the bushes were at a comer 
of the field where the soil was decidedly the worst, and 
where the com was sheltered by lofty treea Other 
observers, and equaUy reliable, have given evidence of a 
positively opposite character, — one agriculturalist going so 
far as to state that he had never even seen com growing 
near a barberry bush without its being injured more or 
less. Phillipar, in the work already quoted, says, in 
reference to corn mildew and barberry blight, that he was 
never able to meet with sufficiently conclusive evidence 
for a conviction of the barberry. On the contrary, he 
states that he has seen many instances in which hedges 
were filled with barberry bushes, without the com, which 
was near them, having sustained the slightest injury. 
Nothing can be made of the old agricultural evidence, 
for what is stated by one side is soon after flatly contra- 
dicted by the other. 

Sir Joseph Banks was one of the first to surest that 
the yellow fungus of the barberry might be another form 
of the rust fungus of com, but this was only a guess on 
Sir Joseph's part, founded on a popular belief. A very 
early reference to the supposed injurious effect of the 
barberry on com may be found in Krunitz's Encyclo- 
pedia, 1774. 

Mr. Wm. Carrathers, F.R.S., in his paper on wheat 
mildew published in the Journal of the Royal Agricultural 
Society y ser. 2, vol. xviii., part, ii., p. 495, brings forward 
an instance (quoted by Professor Henslow) in favour of the 
connection of com mildew and barberry blight ; but he 
omits the opposing evidence as printed in the same paper. 
In the particular instance quoted by Mr. Carruthers the 
cornfield was bounded in one part by a "young and 
healthy quickset hedge ; " here it is presumed there was 
little or no mildew ; but in another part of the field there 
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was an "old hedge with several barberry and other 
bushes and some elm trees." The account continues : 
"It is true the current of air was somewhat impeded 
by the trees." In Mr. Carruthers' paper this important 
sentence is not given, although, in our opinion, the old 
hedge, with its variety of bushes and elm trees impeding 
the air, is quite sufficient to greatly favour a growth of 
mildew, and by no means favours the idea that the fungus 
of barberry blight and com mildew are genetically con- 
nected. 

We acknowledge that an opinion expressed by Sir 
Joseph Banks or Professor J. S. Henslow still carries 
more weight than the belief of rustics in the last century ; 
but it must be remembered that in the time of Sir Joseph 
Banks and Professor Henslow very little indeed was known 
of the anatomy or physiology of fungi, — so little, indeed, 
that any opinion the two gentlemen above named may 
have expressed on this subject can only be held in slight 
esteem now. Men of science of the present day do not 
generally try to support their views by quoting what other 
observers thought one or two hundred years ago, particu- 
larly when those observers were not specialists. Old 
observers were doubtless right in many of their ideas, 
but no support is given to modem views by quoting the 
opinions of old authors who were but poorly acquainted 
with their subject This course is never taken with geo- 
logy or zoology — then why with the most difficult and 
least understood section of botany ? 

We consider, then, that this part of the subject has 
been weakened by the attempts of some modem writers 
to support their opinions by^ quoting the views of rustics 
in the last century, and by printing the old ideas of Sir 
Joseph Banks and Professor J. S. Henslow about fungi 
with which they were confessedly but very imperfectly 
acquainted. This part of the subject is indeed, in our 
opinion, hardly worth consideration. Mr. C. B. Plow- 
right, however, has gone further, and republished a Pro- 
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vince Law of Massachusetts of 1738-61, in which it is said 
that the ** blasting of wheat and other English grain is 
often occasioned by barberry bushes." In the intro- 
ductory remarks written by Mr. Plowright to this Pro- 
vince LaWf he correctly says of com mildew that germs 
of the disease "will have a greater chance of gaining 
admission into the interior of the wheat plants in those 
parts of the field where the influence of currents of air is 
least felt" The Massachusetts law enacted that all bar- 
berry bushes should be extirpated, as they have now 
virtually been extirpated in Britain. As far as is known, 
this " extirpation " of barberries, even when enforced by 
law, has not had the least tendency to lessen attacks of 
com mildew. Surely the quotation of an obsolete and, 
as considered by many persons, a stupid old law, will not^ 
convince disbelievers in the connection of com mildew 
and barberry blight that they are wrong. We might 
quote other old laws, such as the one regarding witchcraft, 
and refer to Matthew Hopkins, the professional and official 
witch-finder, who in the years 1644, 1645, and 1646, as 
recorded in Godwin's Lives of the NecroTnancers, pp. 434, 
435, caused sixteen innocent persons to be hanged at 
Yarmouth in Norfolk, fifteen at Chelmsford, and sixty at 
various places in the county of Suffolk. 

In approaching modem times we come to much more 
exact and searching evidence, and this modem work is 
really the only part of the subject worthy of serious 
attention. We have been informed by Mr. J. L. Jensen, 
of Copenhagen, through Mr. C. B. Plowright, that the first 
person who instituted scientific experiments with the 
fungus of com and the fungus of barberry blight was a 
Danish schoolmaster named Schoeler, who lived at Ham- 
mel, in Denmark, and who, seventy years ago, placed the 
fungus of barberry blight on rye, and produced the rust 
fungus. Bonninghausen in 1819 experimented with the 
spores of the fungus of barberry blight by applying them 
to rye. In five or six days the rust fungus is said to 
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have appeared on the rye. The probability of the occur- 
rence of an alternation of generations on fangi was sug- 
gested by the Rev. M. J. Berkeley in the Jov/mcd of the 
Royal Horticultural Society for 1848, where he wrote, in 
describing the "Bunt" fungus of wheat, "It is quite 
possible in plants, as well as in the lower animals, there 
may be an alternation of generations." In 1866 Professor 
A. de Bary, of Strasbourg, published an essay — Monat9- 
beridht der Koniglichen Preuss. Akademie der Wissenschaften 
sm Berlin, Jan. 1865 — ^in which he stated that he had arti- 
ficially produced the rust of wheat by placing the spores 
of the barberry fungus on com. One would have natur- 
ally thought that Professor de Bary was led to make this 
experiment by his knowledge of the popular belief as to 
thfsupposed connection of the two fuigi; but we are 
told by Mr. Plowright in the Gardener^ Chronicle for 30th 
July 1883 that this was not the case, but that Professor 
de Bary had previously experimented with a Pucciniay 
named P. tragopogonis, Corda, and that the little pro-my- 
celium spores produced by the germinating teleutospores 
of the Puccmia, when sown on a healthy host-plant, did 
not produce a Uredo, but an JEJddivm named ^, tragopo- 
gonis, Pers., and that when the .^idium spores were 
planted on another host-plant, they in turn produced a 
Uredo. We have in this country an abundance of 
JEcidium tragopogonis, Pers., but Puccinia tragopogonis, 
Corda, is imknown. Professor de Bary, then (says Mr. 
Plowright), selected the barberry " because experience had 
taught the practical farmer that it was prejudicial to the 
wheat crop." This admission appears to be identical with 
the one suggested by us, that the experiments were under- 
taken in consequence of a popular belief amongst a certain 
number of farmers and their labourers. Professor de Bary 
appears to have been unacquainted with the admirable 
paper by Professor J. S. Henslow in voL ii. of the Journal 
of the Royal Agricultural Society for 1 841 , where the identity 
of rust or Uredo and mildew or Ptccctnm was first pointed out. 
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Since Professor De Bary's paper was published, other 
good observers have made experiments, some with a result 
pointing in one direction, some with a result pointing in 
the opposite one, and others with a negative result Many 
botanists hold that the case is proved, and that the con- 
nection of the two fungi is certain ; others, as Dr. M. C. 
Cooke, one of the foremost fangologists of this country, 
still hold the connection of the two parasites as unproven. 
The latest exponent of the connection of Uredo with its 
Puccinia and JEcidium is our friend Mr. C. B. Plowright^ 
M.RC.S. This gentleman has made two sets of experi- 
ments. In the first his results were negative, or, as he 
himself says, they seemed to show that the barberry fungus 
had very little to do with com mildew. In the first series 
of experiments in which spores of .^idium Berheridisy 
Pers., were placed on wheat plants, 76 per cent became 
infected with rust, and amongst the wheat plants which 
were kept as checks on the infected ones, no less than 70 
per cent became spontaneously diseased with rust. After 
his later experiments Mr. Plowright altered his first- 
expressed opinion, and now he strongly advocates the 
connection of the two parasites. We consider the pub- 
lished change of opinion favourable to Mr. Plowright as 
an observer, for it is not every one who has sufficient 
independence of mind to so frankly and quickly publish 
such a radical change of thought. Mr. Plowright is to be 
trusted to a far greater extent than men who have advo- 
cated erroneous theories, and then quietly ignored their 
former teachings without acknowledging their error. Mr. 
Plowright has published a series of engravings, mostly 
from nature, illustrative of the subject before us. All 
the illustrations are original but one, and that one is the 
crucial one of the spores of the fungus of com mildew 
germinating on and sinking through the cuticle of the 
barberry leaf. In this illustration (Gardenert^ Chrtmicle, 
19th August 1882, p. 233) a large open organ of trans- 
piration is shown close to three germinating pro-mycelium 
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spores of the mildew fungus : the threads do not enter 
the open stomate, but are seen boring through the cells 
of the barberry leaf. This special drawing, the only 
one of real interest in the paper, is not original, but a 
copy from a published book. We consider it a weak 
point, therefore, in Mr. Plowrighfs case that in his 
elucidation of the only critical part of his subject he has 
fallen back upon a many times copied and recopied book 
illustration. How valuable a new illustration of this won- 
derful phenomenon would have been ; but at present, as 
far as we know, no one has ever ventured on a second 
original representation. We do write in this way with a 
view to throw doubt on the accuracy of the drawing. 
Every one who has a microscope can easily see Uredo 
spores, Pvjccinia spores, and jEddium spores germinate, 
and many are the original published illustrations. How 
is it, we may ask, then, that so few can see pro-mycelium 
spores piercing the epidermal cells of a barberry leaf, or, 
if they can so see them, do not venture on new illustrations ? 
It was specially necessary that Mr. Plowright should, if 
possible, have published an original of this phenomenon. 
As Mr. Plowright is now the chief teacher of the con- 
nection of com mildew and barberry blight in this country, 
it will be interesting to record his words in reference to 
infecting barberries with spores from the fungus of com 
mildew. He writes : " On 14th April, 17th April, and 9th 
May, respectively, I infected one of these (barberry bushes) 
with spores from the pro-mycelium of Puccinia graminis 
from wheat and twitch, and kept the three remaining 
barberries as control plants. In due course the JEddium 
appeared upon the infected plants, the control plants 
remaining free from .Miidiv/niy and they continued so for two 
months, when they were cut down, the experiment being 
then ended." Further on Mr. Plowright writes : " On 1 5th 
and 17th April I placed upon nine wheat seedlings some of 
the same pro-mycelium spores which were used for infecting 
the barberries, and upon 7th May one of the wheat plants 

N 
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had rust or Uredo upon it. As these plants were, however, 
exposed to the air for fourteen days, an element of doubt 
is admitted, although an equal nurnber of check plants grown 
in the open air in the same garden remained free from rust. 
(The italics are ours.) That they did not contract the 
parasite from the barberries in my garden is clear from 
the fact that there were no ^cidium spores there until 
many days later." Surely the evidence in this test case 
shows, if it shows anything, that Mr. Plowright really and 
truly produced the Uredo from the Puccinia spores. He 
admits there were no JScidium spores ; he experimented 
with germinating Puccinia spores only, on wheat, and 
Uredo was the result. Bonninghausen gave the time of 
the appearance of the disease after infection as five or six 
days ; Mr. Plowright states twenty or twenty-two days. 

The gentlemen who advocate the connection of wheat 
mildews with barberries and borages bring forward the 
following fact, which, it must be acknowledged, has con- 
siderable weight. On repeating experiments first made on 
the Continent with Piiccinia and JEcidium spores one or two 
species of fungi have appeared (presumably as the result of 
the experiments) which had hitherto been unrecorded as 
British. Undoubtedly, this fact is of importance in the 
consideration of the subject ; still it must be borne in mind 
that whilst fungologists are few fungi are almost without 
number. No season passes but large numbers of species new 
to Britain are added to our flora. In fact it seems to be 
true in regard to fungi that one has only to look for certain 
species in the right places and at the right time, and they 
are certain to be found. Not only are numerous small 
leaf fungi annually lighted on, but large species, sometimes 
a foot high, as Morchella Smithiana, Gke., by ourselves, and 
Lactarius controversus, P., by our friend Dr. M^Cullough of 
Abergavenny. No one supposes these large fungi did not 
exist here before ; they were not seen and recorded, simj^y 
because no one had looked for them. Prof. Elias Fries, 
the illustrious Swedish botanist, -wrote us, a short time 
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before his death, to say that he believed a large number of 
his Swedish firwood fungi would be found in the firwoods 
of Scotland if sought for ; but they are still but little 
sought for, and therefore not in many instances found. 

There has long been an extremely common fungus in this 
country named ^ddium Tvssilaginisy Pers., but till lately 
its supposed alternate form, Puccinia Poarum, NieL, had not 
been recorded, although the host plant of this fungus is 
extremely common. Mr. Plowright in his experiments 
{Grevillea, voL ii. p. 66) claims to have produced this 
Puccinia artificially on Poa eleven days after infection &om 
the germinating JEcidium spores ; and on close search being 
made, examples of Poa anrnui, L., were found growing natur- 
ally and bearing the Puccinia. These facts as to the artificial 
production and the ultimate discovery of the naturally- 
grown Puccinia have been brought forward as evidence in 
favour of the connection of JEcidium and Puccinia. We 
are inclined to give but little weight to this part of the 
evidence, for the ^ddium stiU remains extremely com- 
mon and the Puccinia extremely rare, just as in the common 
Uredo Buhigo-vera, D.C., and the excessively rare j^cidium 
asperifolii, Pers., described in this work under Spring Bust. 
The believers in the connection of com mildew and 
barberry blight consider their views supported, and indeed 
proved, by their experiments. The results of the experi- 
ments leave no room they say for doubt ; still a great diffi- 
culty rests with all the experiments in regard to the lapse 
of time which takes place between the application of the 
infecting spores and the appearance of the fungus which is 
supposed as a consequence to follow ; this period is some- 
times more than twenty days. In the case of JEddium 
bellidiSy B.C., as reported in the Journal of the Linnea/n 
Society y vol. xx. p. 512, the time ranged from twenty- 
four days to over two months. WTien a germ tube enters 
the tissues of a plant through one of its organs of transpir- 
ation, no one can follow it farther. Every microscopist 
knows that a leaf is an opaque object, and no amount of 
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artificial light will show what has become of a germ tube 
from a fimgas spore when it has once travelled down 
amongst the constituent cells of the leaf. If a germ tube 
of any given fungus is known to have entered a leaf, and 
a fungus of a totally different nature appears in eight days 
or two months afterwards upon the surface of the invaded 
leaf, where is the clear proof that the foreign germ tube 
really caused the production of the new fungus-growth ? 
It is certainly not impossible that one may have arisen 
from the other, but the proofs of a phenomenon so won- 
derful should be unimpeachable, — ^proofs such as no one 
could possibly doubt or question. 

The believers in the connection of com mildew with 
barberries always recommend the destruction of barberries 
as a preventive of com mildew, and Mr. Carruthers, in 
the paper already adverted to, writes : " The farmer should 
not permit the barberry to have a place in his hedges or 
in plantations on his farm." At one time barberries were 
abundant in Britain, now they are very rare in a wild 
state, and as a rule only to be seen in single isolated 
examples. As the former extirpation of the plant has not 
lessened the mildew of com in the sHghtest degree, why 
then should the remaining few barberry bushes be 
destroyed, especially when the case of Australia and 
New Zealand, where, with a total absence of native bar- 
berries, com mildew is worse than in Europe, is remem- 
bered ? In our own country com mildew is notoriously 
at its worst in the fen districts, where the barberry is 
absent in a wild state. The advocates of the connection 
of the two fungi acknowledge that mildew is perennial in 
com ; being so, the ^cidium condition on barbenies, 
even if admitted as a condition of com mildew, cannot 
be a necessary condition. With the destructive fungus of 
spring mildew of com and its supposed JEcidium on 
borages, the case is still more striking. There is no 
need to tell farmers not to allow any members of tte 
Borage family to have a place in their gardens ; it does 
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not matter what number or variety of borages they grow, 
for however large the number may be, they are almost 
sure to have no jEcidium upon them. JEddium asperi- 
folii, Pers., is so rare in Britain that during a thirty years' 
study of fungi we have never once met with it. On 
inquiring, as to the prevalence of this fungus in Britain, 
of our friend Dr. M. C. Cooke, he replied that he had 
carefully sought for it, but had only found it about two or 
three times in twenty years. Mr. C. B. Plowright, who 
wished to experiment with it, could not get it here at all, 
and the illustrations in this work. Fig. 70 and Fig. 71, 
were taken from a dead foreign example, simply because 
no British or living specimen could be secured. Some 
persons may think from this, that spring rust of com 
derives but scant benefit from a possible connection with 
a fungus of such extraordinary rarity as MMium asperi- 
folii, Pers. It is clear that the rust can keep in existence 
for an indefinite time without any aid from the ^cidium. 
Puccinia Rvhigo-vera^ D.C., and P. graminis, Pers., are 
very close allies, and both grow upon the Graminece or 
grasses ; one would have expected, therefore, that their 
alternate JEcidium forms would both grow on one plant 
or set of allied plants. We have seen, however, that 
such is said not to be the case, as the BerheridaceoB and 
Boraginacew are widely separated. 

Notwithstanding these objections we are not inclined to 
attach undue importance to the absence of j^cidium Ber- 
beridis, Pers., in Australia, or to the extreme rarity of 
jEcidium asperifolii, Pers., here. The spores of these fungi 
may possibly- be more common in some other country, and 
be carried through the air from one place to another. 
Clouds of aphides and ladybirds have sometimes been seen 
darkening the air and travelling towards Britain across 
the sea from France, and spores may travel in the same 
way or be carried by insects, birds, or man. We do not, 
however, consider such a transport of spores, especially 
across the ocean to Australia, probable, though not per- 
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haps impossible ; and there is no proof that anything of 
the sort has ever occurred. 

We have little doubt that the mycelium of both the 
mildew fungi and the spawn of both the ^cidia are peren- 
nial, and that both can live on from year to year for an 
indefinite period without aid from each other. Mr. Berke- 
ley, in vol. i. of the Journal of the Eoyal Horticultural Society, 
writes at p. 25 : " The mycelium of cereal fungi is known 
to exist from the earliest period in com ;" and further on 
he remarks that " a diseased stock can scarcely be expected 
to produce a perfectly healthy offspring," and " it is cer- 
tain that the germs of cryptogamic plants may be present 
in tissues, and yet remain more or less inert." Referring 
to JScidium, he says, in reference to the parasite of the 
anemone (Introduction to Gryptogamic Botany, p. 323), " the 
leaves, which will be eventually covered with the fungus, 
show that they are impregnated with its mycelium as 
soon as they make their appearance." If these facts are 
admitted, and Mcidium quadrifidum, D.C., of the anemone 
is acknowledged to be perennial, another point arisesw How 
can any observer tell that the plants he is experimenting 
with have not the germs of disease already in their tissues % 
We, as well as many other observers, have shown that seeds 
apparently sound will often, on germination, show disease 
in their seed leaves ; such plants are saturated with the 
germs of disease from their earliest period of growth. 

An instance was adverted to by us in the Gardeners^ 
Chronicle for 26th January 1884, p. 120, where a well- 
known nurseryman in a large way of business had im- 
ported Dianthus seeds direct from Japan. These seeds 
were carefully grown under glass, and, immediately they 
were up in the seed-pans, they were all attacked and 
destroyed by Puccinia lychnidearwm, Link. On making a 
microscopical examination of a series of these seeds Tve 
detected mycelium inside the integument which surronnds 
the embryo or infant plant and within the coat of the &eed. 

Dr. M. C. Cooke has published a case where seeds 
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gathered from undiseased celery plants produced healthy 
plants ; whereas seeds taken from celery plants diseased 
with Ptuxinia Apiiy Corda, produced seedlings every one 
badly infested with the Ptuxinia, The plants were grown 
in rows side by side in the same garden, and the clean 
plants remained healthy all the season ; whereas the 
diseased ones were destroyed by the hereditary disease 
derived from the parent plants and presumably conveyed 
from the parent to the offspring in the seeds. 

The Rev. M. J. Berkeley has published in the Gardener^ 
Chronicle, 28th October 1848, p. 716, an instance of plants 
of Pyracantha raised from seeds imported from Russia 
being sdl killed by a species of Fusicladium ; whilst old 
plants of Pyracantha growing at the same place remained 
perfectly free from disease. The same gentleman records 
an instcmce of a plant of Achillea Ptarmica, L., being given 
to him by M. Desmazieres. When presented it was appar- 
ently quite free from disease, but the donor knew that the 
disease plasma of Ldbrella ptarmica, Desm., was in its 
tissues. The Achillea was planted in March, and in the 
following autumn the Labrella duly appeared, although 
the fungus up to that time had not been seen in Britain. 
It is common to find hollyhock seedlings showing the 
Puccinia on their seed leaves. This we have traced to 
the presence of pustules of the disease outside the seeds 
or carpels, as illustrated by us in the Gardeners* Chronicle 
for 1st July 1882, p. 23. Similar pustules occur on the 
carpels or seeds of wild mallows. 

Many similar instances might be given ; they all prove 
that Puccinia on mildew is hereditary, — that it exists in a 
finely-attenuated state in seeds taken from diseased plants, 
and can be transmitted in a long interminable line from 
generation to generation. No doubt it is possible that 
living spores or mycelium may sometimes be present out- 
side the seeds, but many fungi are able to reach the seeds, 
as the fungus of bunt in com, TiUetia Caries, Tul., and 
Theca/phora within the carpels of convolvulus, etc. 



184 DISEASES OF FIELD k GARDEN CROPS. [ch. 

We believe we have seen instances of the spawn of 
the J^idivm being perennial in the- barberry. The 
mycelium which gives rise to rust and the mycelium 
from which j^idium arises hardly appear to us to be of 
the same nature. Attention has lately been redirected to 
the occasional growth of jEcidium Berberidis, Pers., on gar- 
den barberries, especially on Mahonia Aquifolium, Lind. 
It has been suggested that there may be garden barberries 
in Australia, and that these plants may be infested with 
the .^idium said to belong to com mildew. This may 
possibly be correct, although no evidence has at present 
been forthcoming in that direction. If garden mahonias 
are found to bear jEcidium in Australia we imagine the 
number of diseased garden mahonias on that large Conti- 
nent will be in about the same proportion to the vast corn- 
fields there found, as the borage jEcidium is to the com- 
fields of Britain, or as the fungus of Poa anntta, L., is to 
the jEcidium of coltsfoot and butter-bur. 

Mr. Charles B. Plowright was kind enough to send us 
a good collection of Mahonia berries invaded by ^cidiumf 
as illustrated in Fig. 87. Occasionally the disease ap- 
peared upon the leaves and stalks, and from our examin- 
ation of them we were inclined to think the mycelium of 
the fungus traversed the entire plant, and especially the 
berry with its seed. We successively planted a number 
of seeds at overlapping intervals through last summer, 
but not one germinated. This suggested to us that the 
plasma of the fungus had reached the embryos of the seeds 
and killed them. On inquiring of Mr. B. S. Williams^ 
the well-known nurseryman of Upper Holloway, he 
informed us that Mahonia seeds germinate freely when, 
the seed has been matured, is good, and properly planted. 
Mr. Williams said Mahonia seeds took from two to three 
months to germinate, and he kindly undertook to test 
twelve ripe berries for us, each berry showing the 
JEcidium disease. The seeds were sown carefully in two 
pots, and after the proper time had elapsed no single seed 
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showed the least sign of germination, but all had perished. 
These facts, of course, do not prove that the mycelium is 
perennial, but we think it proves that the spawn can reach 
the embryo of seeds, and in bad cases kill them. We also 
think it suggests the possibility of seeds less badly diseased 
being able to give rise to diseased seedlings, exactly as in the 
case of the Dianthus seeds, which showed the Ptuxinia in 
the seed-leaves. In the Proceedings of the Royal Society, 
No. 228, 1883, Mr. Plowright has illustrated the McidiO' 
spores belonging to Mdhonia Aquifolium, Lind., germinating 
upon the epidermis of a fragment of wheat-leaf. Six 
spores are shown : five are germinating — three germinal 
threads are entering the stomata j but no less than seventeen 
little branches of the mycelium are shown naturally and 
correctly running along the little furrows belonging to 
the junctions of the cells which form the leaf cuticle. 
The illustration simply proves that the germ-tubes will 
run anywhere where there is a depression, or run into 
any little orifice. After eleven days, not five or six as 
with Bonninghausen, Uredo appeared upon the plants 
experimented upon. 

Many cases are well known where host plants are always 
so saturated with parasitic disease that it is almost impos- 
sible to find the host without the parasite. Pythium 
eguiseiij Sdbk., is so common on Equisetum that we have 
seldom found an Equisetum without it. Cress seedlings 
are plagued in a similar fashion with another Pythium. 
Now, who would place any reliance on experiments made 
with a view to inoculate Equisetvm and cress with Pythium, 
when it is well-known beforehand that every plant is 
probably already permeated with the virus of the parasite 
in a latent state ? 

Personally we do not esteem the fact of spores germi- 
nating on the cuticle of a leaf as of the slightest value. 
Nearly all spores will germinate in warm moist air upon 
any surface, and the spawn-threads will run into any slight 
depression, or any orifice, provided it is large enough. 
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Qerminatmg spores of Uredo, Puccinia, and jEddium tra- 
verse the scratches made hj a lancet on our glass slides just 
as naturally as if thej were the farrows of a leaf-cuticle. 
When the threads get to the edge of the glasses they di]> 
down just as naturally as if the vacant space were an 
open organ of transpiration. We have grown spores on 
moist linen, calico, and blotting-paper, and the germ-tubes 
have penetrated between the orifices and run over tlie 
reverse side just as if they were in a leaf. Such spores, 
unless of moulds, of course do not reproduce a perfect 
fungus like the one from which they originally arose ; 
neither do those sown on leaves. Professor De Bary says 
he could not cause ^^cidium spores to grow efifectually on 
barberry leaves. It is only after a considerable time has 
passed, and the germ-thi-eads have been lost to sight for 
many days, several weeks or months, that some new fungus 
of an apparently different nature at length appears. 

One writer has said that botanists were prepared to 
accept the idea of Pvccinia and jEcidium being one and 
the same fungus because they were acquainted with the 
changes of some insects such as are familiar in the cater- 
pillar, chrysalis, and perfect butterfly in the insect world. 
We confess that we do not see the resemblance at all. 
No condition of the insect is ever lost to sight for ten or 
twelve days or two months, and the change is gradual 
throughout from one form to the other ; the chrysalis is 
foreshadowed in the caterpillar, and the perfect butterfly 
has all its parts in the chrysalis. No organisms belong- 
ing to Ptuxinia are ever indicated by jEcidium, and no 
analogues of Spermogones or jEcidiospores are ever met 
with in Puccinia, 

It has been stated by Professor De Bary that an ana- 
logous case of the change of host exists in the animal 
kingdom, as in the case of the entozoic worms, which pass 
the first part of their existence in one animal, aud the 
second part in another and totally different animal. The 
experiments with entozoic animals have doubtlessly proved 
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this fact ; but to compare the facts belonging to the 
animals with those belonging to the plants is a case of 
mistaken analogy, for the facts do not correspond. 

In the first place, the test experiments with Entozoa 
have invariably been made with host animals that were 
perfectly well known to be quite free from entozoic parasites. 
Measures have always been taken to make this fact certain 
before the experiments were commenced. The two series of 
animals have in no single instance been notoriously infested 
with parasites before the experiments were entered upon. 

The comparison that has been made between the 
change of host in the Entozoa, and the supposed similar 
change of host in the two parasitic fungi of spring and 
summer mildew of corn, brings us to what we think may 
prove a fatal objection to the connection of Pvccinia with 
jEcidium, and one that strikes at the root of the whole 
hypothesis. In the entozoic animals referred to, one form 
of the parasite, say of the liver-fluke of sheep, is sexually 
mature in a certain mammal. These sexual individuals, 
which produce thousands of eggs, escape by the alimentary 
canal of the invaded animal. The eggs are dispersed by 
wind, rain, insects, feet of cattle, and other means, and so 
at length find their way into pools, ponds, and streams. 
The mature eggs contain ciHated embryos, which are set 
free on moist surfaces or in water. Each embryo contains 
a bud which at length becomes a larva. The ciliated 
embryo attaches itself to a second host, such as a suail, 
slug, or aquatic insect, and so gains access to the interior 
of the new host. In this position it becomes a non-sexual 
larva, and capable of producing a progeny, or other larvae, 
within itself. These secondary larvae migrate from the 
bodies of the water insects or molluscs and become free ; 
they are then swallowed by mammals whilst eating or 
drinking. The larvae now bore through the tissues of the 
new host, and enter into a pupa stage whilst within the 
mammal, and there at length become sexually mature 
egg-producers, and so the life cycle becomes complete. 
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Now we will note how the phenomena connected with 
Mcidium and Pv/xinia agree or disagree with the entozoic 
life-history just given. We commence with the /EkidiuTn,. 
Here we have a sexuaUy mature parasite, with so-called 
spermogonia and spermatia. The names indicate male 
organs, with a male fertilising element analogous with 
pollen. Mr. Plowright^ in writing of the spermogonia 
and spermatia, says : " Their function has not as yet 
been absolutely demonstrated, but there is little doubt 
that they play the part of the male element." It is 
necessary to be exact at this point, for if there is a sexually 
perfect state of the parasite it must of course be either in 
the j^Eddium or the Pucdnia ; and if the uEcidium breaks 
down, the whole hypothesis Mh to pieces as fer as pub- 
lished descriptions go. 

We believe the j^ddium to be sexually perfect, as 
indicated by the descriptive terms in general use. The 
male organs or spermogones are usually, if not invariably 
produced first, and the Mddia next ; this phenomenon 
roughly agrees with the sequence of the stamens and 
pistils in flowering plants. In Endophyllum and Rcestelia 
the spores resemble the oospores of a Peronospora, We 
believe that the spores with spermatia attached, as illus- 
trated in Fig. 86, agree with fertilised ovules. These 
fertilised ovules, if they agree in habit with the pva of 
Entozoay should produce a simple larval form, which should 
reach the interior of some other plant and there live para- 
sitically as a larva. The spore of the jEcidium is supposed 
to so reach the leaves of com, and to travel to the interior 
by the stomata. In this position we presume it resembles 
the non- sexual larva inside the snail. In the entozoic 
animals in question the larva never reaches any higher 
stage in its host, the snail : it attains its pupa and perfectly 
sexual state when it again reaches the mammal. Here 
the comparison appears to break down ; neither the 
Uredo or Pucdnia can be larvaL A larva in fungi can 
only be some simple conidioid form like the Oiditim of 
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grass mildew — some simple, budding, noii-persistent, non- 
sexual form. 

The Uredo and the Puccinia which follow the ^Mium 
are the reverse of simple, the Puccinia being specially 
complex and persistent. The Uredo is surely the pupa 
state of the Pv/xinia, and Mr. Plowright himself, in 
describing the teleutospores of the latter, correctly, as we 
think, terms them resting -spores. Resting -spores they 
certainly are, for many of them rest for nearly a year before 
germination takes place. They are as truly analogues of 
ova or eggs as are JScidiospores. If Ptuxinia graminisy 
Pers., is the larval state of JSddium Berberidis, Pers., it is 
at least curious that the larvae should be so extremely and 
continuously prolific in Australia, whilst the sexually mature 
form is restricted to the other quarters of the globe. 

If the teleutospores of Pv4xinia are resting-spores or 
analogues of oospores, as they probably are, the spores of 
j^Ehidium cannot be of the same nature without there 
being two sexually mature egg -producing forms in the 
same life cycle of the fungus. We lately addressed a 
question to Dr. T. S. Cobbold, F.R.S., probably our 
highest living authority on Entozoa, and asked if he 
knew of any instance in the animal kingdom of a parasite 
passing two stages of its existence in two different ani- 
mals, and arising from two different forms of eggs. Dr. 
Cobbold replied at once : '^ I give a distinct negative to 
your question, without prejudice to the proven fact of 
dimorphism amongst parasites ; and of course also without 
the slightest reliance on the authority of M^guin, whose 
erroneous views imply the belief that two sorts of eggs 
may belong to parasitic conditions of one species.'' It 
appears from this answer that the erroneous views of 
M^guin may be comparable with the views held by many 
botanists in regard to Puccinia and .^idium. 

The change of host plants in fungi has been technically 
termed heteroecia and metoeciaf from heteros, diverse or 
variable, and meta, a change. 
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The accompanying illustration, Fig. 88, is copied from 
Tulasne*s paper in the Ann, des Sc NaU^ 4 ser., vol. ii., 
1854, pL 9, and represents at A the germination of a 
spore of Uromyces appendiculatus, Lev., and at E the ger- 
mination of a spore of ^cidium Eupkorbice-sylvaticce, D.C. 




Fig. 88. 
Spores of Uromyces appendiculatus, Lev., and ^cidium EuphorhicB^lvaUcaf 
D.C, germinating and producing pro-mycelium, pro-raycelium spores, 
and sporidioles of identical character. After Tulasne. 

The illustration is copied to show that, according to 
Tulasne, not only is Puccinia capable of producing pro- 
mycelium and pro-mycelium spores, as shown in Figs. 69 
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and 81 in this work, but that Uromyces and even JEcidium 
itself are both potentially capable of giving rise to precisely 
the same growths. The pro -mycelium and pro -mycelium 
spores of Uromyces are shown at B and C, and the same 
growths belonging to the uiEcidium at F and G. The 
phenomena are also exactly the same in regard to the 
habit of pro-mycelium spores ; one belonging to Puccinia 
graminisy Pers., as illustrated by Tulasne, is shown germi- 
nating and producing a sporidiole (as Tulasne terms it) at 
D, and a pro-mycelium spore of ^cidium is producing a 
sporidiole of precisely the same class at H. 

It may be well here to glance at the development of the 
teleutospores in PtLcdnia. We will take P. RubigO'Vera, 
D.C., as an example. The teleutospores, which are preceded 
by simple Uredo spores, first appear as short stalks capped 
by a small cell, as at A, Fig. 89, enlarged 500 diameters. 
At first the young teleutospore somewhat resembles a 
Uredo spore as illustrated. Although this young teleuto- 
spore looks like a Uredo spore in size and shape, it is in 
reality quite different in nature. Botanists familiar with 
these bodies can instantly recognise the two forms. Uredo 
is probably a pupa state of Puccinia ; we do not say Puc- 
cinia needs a pupa state, but that a state analogous to a 
pupa stage often occurs, and is certainly present in both 
the species of Puccinia which cause mildew of com. In 
an early stage of growth the young teleutospore has but 
one cell-wall, and the material within is a watery fluid. 
As growth progresses the spore is seen as at B, with a new 
growth springing from the base within the original cell ; 
this growth goes on till the spore resembles C ; the 
internal mass has now formed another wall round itself 
within the original wall, and in the course of a few days 
the new inner cell will nearly occupy the whole of the 
space within the first formed cell. At this time a third 
growth appears at the base, as at D. This growth often 
pushes the first inner cell aside, as shown, giving the one- 
sided appearance often so common in Puccinia spores. 
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As the new growth enlargea, the appearance of the teleuto- 
Bpore resembles E, with the upper segment dark in 
colour, and the lower one light. F and G show other 
conditions of this ata%s of growth, the lower cell pushing 
the upper one aside in an irregular manner ; Eometimes 
the upper cell becomes lai^ and brown, whilst the lower 
one remains small and almost colourless, as at H. A per- 




fectly formed teleutospore is ahowa at J", and a ripe 
esample breaking into two portions at K, The two sella 
of the teleutospore do not arise from a differentiation of 
the cell contents, and the ultimate formation of a septum. 
There is no septum in the ont«r wall of a teleutospore till 
the two internal cells are mature. 

"We are uncertain of the exact meaning that should be 
attached to the two contained cells in Pwxinia spores ; but 
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we are inclined to look upon the upper and first-produced 
dark cell as female, and the lower, often Bmaller, and 
more transparent cell as possibly sometimes male. It is 
known that the lower cell is from the first often smaller 
and much more transparent than the upper one. It is 
the upper one that usually produces pro -mycelium. 
When both cells produce pro -mycelium, as they fre- 
quently do, both are female. We believe it to be possible 
that impregnation from a male element is not necessary 
for every generation, but that fertile female spores may be 
produced for several generations without impregnation 
from a male organism. A comparable case of involved 
sexuality occurs amongst molluscs. Many land snaQs are 
monoecious — that is, each individual is male and female 
in itself, and capable of fertilising itself. The character 
varies in different genera. In the ValvatidcB the indi- 
viduals which are at first male ultimately become female. 
A similar phenomenon may possibly hold good in Puccinia 
and its allied genera. A comparable phenomenon is 
common and well known in plant-lice or Aphides. Mr. 
G. B. Buckton, F.E.S., writes that in some instances 
"males occur only at such remote intervals that their 
action seems to exist at a minimum.'' 

We do not say that the involved changes advanced by 
some botanists are impossible in the life-history of a single 
fungus, but we have shown that they are unnecessary, as 
Puccinia Bubigo-vera, D.C., can apparently reproduce 
itseK for an indefinite period of time in Europe without 
an ./Ecidium condition ; Ptuxinia gra/miniSy Pers., can do the 
same in Australia ; the allied Podisoma Junvperi-SdbincBy 
Fr., does so in America. Ghrysomyxa Ledi does so in 
Greenland, and Puccinia ohscura, Sch., in America, where 
the daisy, on which its supposed alternate form is said to 
grow, is not found in a wHd state. 

To us the pro-mycelium, pro-mycelium spores, and 
sporidioles, potential in Puccinia and jEcidium alike, tell 
strongly against the idea of the genetic connection of the 
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two fungi. One may reasonably ask which is the sexually 
mature condition in Puccinia and ^Ecidium. U there is 
any meaning in the words spermogone and spermatia^ 
jEddium must be the sexually mature condition ; yet the 
believers in the connection make Puccinia the perfect con- 
dition, for in describing these fungi the fruit of the ^cidium 
is invariably termed "the jEddiospore of the Pucdnict." 
This puts Pvccinia in the foremost position, and Sachs, in 
his Handbook, Ed. i., p. 247, prints " Puccinia graminis " 
under an illustration which includes Uredo linearisj Pers., 
Pv/Dcinia graminis, Pers., and j^ddium Berberidis, Pers. 

When the teleutospores germinate they produce the so- 
called pro-mycelium spores or larval spores, as illustrated 
at C and G, Fig. 88. These latter spores, when they in 
turn change by germination, should give rise to the Uredo 
spores or pupa state of the Ptuxinia, If this view is cor- 
rect, we have every life-stage perfect. 

1. Pucdnia, the perfect resting-spore stage. 

2. Pro-mycelium spores, the larva stage. 

3. Uredo, the pupa stage. 

What need is there for another set of spores as found in 
j^idium, with their resulting pro-mycelium spores and 
sporidioles of precisely the same class ? 

At this stage of the inquiry the question presents itself 
to us — If the ^cidium and Ptuxinia are not physiolo- 
gically related to each other, how is it that Uredo, 
Puccinia, and .^^!ddium, sometimes grow together on the 
same host ? Our reply is : — It may possibly be a mere 
state of consortism — another of the many familiar instances 
of two diverse organisms being found in company. The 
consortism, if such it be, would not be more remarkable 
than the consortism of Peronospora parasitica, Pers., with 
Gystopus candidus. Lev., on the cabbage tribe ; of Perono- 
spora nivea, XJng., and Protomyces macrosporus, Ung., on 
umbelliferous plants ; of Peronospora infestans, Mont., and 
Fusisporium Solani, Mart., on potatoes ; of SaproUgnia 
ferax, Kutz., and Empusa muscof, Cohn ; and many other 
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cases might be added. Another instance is met with in 
the Sclerotium, which produces Peziza tvherosa, Bull ; this 
is generally found in company with the black, hori- 
zontal rootstock of Anemone nemoroaa, L. At one time a 
relationship was suspected. Plant-lice and fungi often 
consort curiously together. Passarini has said that the 
Aphis, named Rhopdlosiphum dianthi, Sch., gives rise to a 
kind of mould on greenhouse plants which the French 
name Fvmagine, This is the dark-coloured fungus named 
Fumago by botanists. A fungus which is extremely 
common on evergreens in Britain, named Capnodium 
Footii, B. and Desm., is almost invariably accompanied by 
the lichen, named StriguLa Bahingtonii, B. A coccus is also 
almost constantly present with the fungus and the lichen ; 
perhaps the former, by piercing the leaves or by leaving 
some secretion from its body, prepares the way for the 
fungus and its companion lichen. In the same way as the 
jackal is sometimes termed " the lion's provider," so the 
coccus may be the provider for the Gapnodivm or Strigulou 
When the fungus and the lichen have once fixed them- 
selves on the coccus-invaded plant, the host soon dispenses 
with the service of the coccus. It may possibly yet be 
shown that the germinating JEcidio-spore is the provider 
for the Uredo, or the germinating Pucdnia-spore the 
provider for the JEcidium. 

Some rustics believe that mushrooms spring from salt, 
because "experience has taught the practical farmer" 
that a dressing of salt over a non-productive pasture will 
generally cause a good crop of mushrooms to appear. The 
result in this instance, however unvarying, does not prove 
genetic relationship. 

In some instances the occurrence of Puccinia and ^ci- 
dium must of necessity be a mere case of consortism, as 
in the familiar example of the parasites of Allium unsinum, 
L., and A, oleracewm, L. In this instance we have an 
JEcidium, a Uredo, and on the Continent (but not in 
Britain) a Puccinia, named P. allii, Kud., all on the 
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same host plant; but the botanists, who physiologically 
connect Ptmdnia and ^cidiv/rrif say the Uredo, Pucdnia, 
and AUcidium in this instance are not related, and that the 
Pv/ccinia found on Allium ursinum, L., and A. olera>ceum, 
L., both named P. allii, are also distinct from each 
other. They say the ^Ecidium produces, not the Pttc- 
cinia on its own leaves, but the Puccinia named P. 
sesdliSy Sch., peculiar to Phalaris arundinacea, L. The 
JEcidium is abundant in Britain, but the Puccinia, which 
should be equaUy abundant, or nearly so, if one parasite 
gives rise to the other, is here extremely rare or unknown. 
The Mcidium state of P. allii, Rud,, is also said to be 
unknown, and as the Pv^dnia which commonly accom- 
panics it is said to be foreign to it^ as no doubt it is, the 
case must be a clear one of simple consortism. .Myidiuw, 
Berheridisy Pers., is not the only ^cidium found on the 
BerberidacecB, There is a second lai^e-spored .^^hidium 
which grows on Berbens glau^a, D.C., in Chili, in company 
on the same disease spots with a Puccinia named P. 
Berheridis, Mont. In Europe the same JEcidium possibly 
grows on Berberis vulgarisy L. This fact seems to tell 
against the connection of the barberry j^cidium with the 
Puccinia of corn ; but in an effort to overcome the difficulty 
it has been said that the spores of the Chili j^Ecidiumb are 
larger than those of the true j^lcidium Berberidis, Pers., 
and chiefly on this account the Chilian parasite has been 
elevated to the position of a new species. Personally, we 
do not estimate the size of the spores in JEcidium as 
worthy of marking specific distinction. They are extremely 
vaHdble in size in undoubted examples of ^, BerberidiSy 
Pers. A third eaAy growing JEddium also occurs on Berberis 
ilicifoliay Forst. This is named ^cidium magelhanicufny B., 
but its germ tubes are said not to enter the leaves of grasses. 
If Puccinia and ^cidium are physiologically related, 
we have proofs that the two fungi not only arise from two 
different kinds of eggs which are probably both sexually 
produced, but the resulting fungi often cross consort with 
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each other, without being related, in the most complicated 
and bewildering manner. 

In the case of Puccinia violarum, Link., where the 
Uredo, as weU as JEeidium violce, Schum., all occur on the 
same host, the three forms have been accepted as diflFer- 
ent conditions of one parasite ; but when Mr. Vize detected 
a second species of j^cidiwm on white garden violas, and 
named it JE, depauperans, a difficulty arose, for there were 
then two ^cidia and only one Puccinia, 

We dissected and illustrated the original examples as 
found by Mr. Vize in the Gardener^ Chronicle for 16th Sep- 
tember 1876, p. 361. Mr. W. B. Grove, M.A., has re- 
cently published a note regarding the second viola ^cidium 
in the Journal of Botany, vol. xxi. p. 274. In this paper 
the author states that he has detected the Uredo as well 
as the Puccinia condition of jEcidium depauperans, Vize, on 
violas ; and he describes the Puccinia as a new species under 
the name of P. cegra ; the JScidium appears at the end 
of May and the Puccinia in August. Mr. Grove gives no 
proof that the Puccinia is connected with the ^cidium ; 
he believes they are connected because the tbree forms he 
describes grow on the same plant. We have just shown 
that in several instances it is acknowledged that JEcidium 
is not always assumed to be genetically connected with a 
Puccinia when the two forms grow in company on the 
same plant. Mr. Grove appears not to have experimented 
with pro-mycelium spores. 

The disparity in the number of species found under 
j^kidiwm and Puccinia is great ; but the disparity is of 
no moment if it is acknowledged that one form can go on 
reproducing itself for an indefinite time without aid from 
the other. 

Besides the Puccinia violarwm, Lk., and P. cegra, Gr., 
there is a P. violcB, D.C., and a P. violce, Schum. 

In conclusion, one more point must be adverted to. We 
have shown that plants invaded by Puccinia and j^cidium 
carry an hereditary disease by which they are saturated, 
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and that the disease is capable of reaching the seeds and 
reappearing in the youngest seedlings. Now, if plants 
thus suffering from hereditary disease, and having the 
latent germs of disease in every part of their organisation 
are experimented upon in an unnatural way, have spores 
of fungi placed near their organs of transpiration, whose 
germ-threads can pierce the epidermis or enter and choke 
the stomata and so reach their intercellular spaces, is it 
not likely that this inoculating process may start into 
activity the latent germs of disease ? 

We have facts, as we think, quite comparable with this in 
the animal kingdom. Persons are subject to different forms 
of complaints, according to their constitution. Cereals are 
notoriously constitutionally subject to mildew ; barberries 
are notoriously constitutionally subject to blight 

Suppose we take an instance of a person constitutionally 
subject to phthisis (consumption) ; give that person a cold 
and phthisis appears ; but the same cold will give rise to 
rheumatic fever with a second constitution, and scrofula 
with a third, according to the tendency of the indi- 
viduals to these disorders. Gout, for another example, 
is said to be a jealous complaint, and, with those liable to 
it, will always come and look in if any accident or ailment 
should arise. Again, the same irritating article of food 
will with one person produce neuralgia, with another the 
vesicular skin disease named shingles, with a third indi- 
gestion, with a fourth diarrhoea, with a fifth local inflam- 
mation. Vaccination in the human subject, which is 
comparable with spore inoculation in plants, unquestion- 
ably puts latent ailments into action. Children badly 
nourished will get eruptions and boik ; if of scrofulous 
habits, abscesses or sores ; if gouty or of delicate constitution, 
vesicular eruptions or eczema will often appear. The 
shock of an accident will also often set latent ailments into 
action ; a blow will set the latent germs of cancer into 
activity. Under these circumstances we think artificial 
cultivation of com in pots under bell-glasses, with fungus 
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sporeer wMcli burst and enter by germ tubes amongst the 
tissues of the plants experimented upon, may possibly set 
the latent germs of the fungus of corn mildew into activity. 
In the case of the bunt of com and of the potato disease 
the presence of the fangus is clearly evident to experienced 
observers long before the slightest trace of mycelial threads 
can be detected by the microscope. We cannot help 
thinking that more and better evidence of the supposed 
genetic relationship between corn mildew and barberry 
blight is much wanted. New illustrations are abo wanted, 
from new and unbiassed observers, of the germinating 
pro-mycelium spores of Puccinia piercing the cuticle of 
the barberry. We regret that we are unable to produce 
an original illustration of this process of growth. A 
single illustration of this phenomenon has been copied, 
recopied, and copied again, sometimes with, but more often 
without, acknowledgment, that one now almost feels angry 
at the mere sight of the by far too familiar engraving. 

All low lying lands suffer most from mildew, and it is 
said that elevated lands are next most seriously affected, 
the intermediate positions being generally most &ee. This 
fact is generally explained by the presence of mists in the 
low lands, and clouds on the hilltops, the mists and clouds 
being especially favourable to the development of Puccinia. 
Mildew is commonlyseen at its worst in places where bushes 
and trees abound, as these objects impede free currents of 
air and aid fungus growth. Parasitic fungi which refuse 
to grow in open gardens will often germinate and produce 
disease at once if placed upon plants under bell-glasses. 
The glass aids in keeping the air damp and motionless. 

We have ourselves observed com mildew to develop with 
great rapidity after rain in August, and we have sometimes 
noticed the late sown wheat to be most affected. When 
the ears are badly attacked the grain is not only greatly 
impoverished and reduced to " skeleton grain," but it is 
hardly possible to separate the seed from the husks. 

Mildew is said to be more frequent after crops of clover 
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than after other crops. We think the fact of straw from 
stables being so frequently thrown over old clover fields a 
sufficient explanation of this fact. Wheat after clover is 
certainly a favourite alternation of crops with many 
farmers, — perhaps because the old decaying clover roots 
act as good manure for the com. When clover precedes 
com it should be heavily folded with sheep, and straw 
from stables should not be used as manure. 

It is now generally accepted as a fact amongst practical 
men that after dressing the land with farmyard manure 
and nitrate of soda, mildew often puts in a strong appear- 
ance ; but after mineral manures, bone superphosphate, 
and bone meal drilled with the seed, rust and mildew are 
much less apparent. There can be no doubt that farm- 
yard manure has a tendency to produce a gross soft growth 
in com which is suitable for fungi, and that mineral 
manures, on the contrary, have a tendency to produce a 
firm stiff growth unsuited for rust and mildew. As com 
generally does so well in dry limestone and chalky dis- 
tricts, a hint might be derived from this fact as to the 
desirability, where possible, of manuring land with chalk. 
We have seen this done with success in North Herts and 
South Bedfordshire, where chalk is easUy obtainable. 

It is probable that the resting- spores of the fungus 
of corn mildew seldom hibernate through two seasons ; 
therefore, in instances where stable manure must be used, 
it should if possible be used in the crop preceding the com 
or the crop following it rather than for the com itself. 

An alternation of crops is in every way desirable. 
Beans, peas, turnips, potatoes, clover, and other farm pro- 
duce should be taken alternately with com. 

There is but one way of getting rid of com mildew, 
and that is certainly not by cutting down barberry bushes 
and pulling up borage plants. Corn mildew is a heredit- 
ary disease, and therefore no seed com should be gathered 
from mildewed plants. If the hereditary nature of the 
disease is disputed, it cannot be disputed that certain 



I 
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examples of com have a strong and inherited predisposition 
for mildew ; therefore predisposed examples should be 
strack out and no seed gathered from them. Especial care 
should be taken in the rigorous selection of seed from white 
wheats, which are notoriously more subject to mildew than 
red, probably because the latter are naturally more robust. 
If seed merchants would guarantee that the seed corn they 
sell is taken solely from com free from mildew, in the 
course of years the attacks and consequent losses from this 
pest would be considerably lessened. Mildew is every 
year so common in our fields simply, as we think, because 
the disease is planted with the grain. Old com stubble 
should not be left too long in the fields. Some corn 
growers say that a top dressing of salt has a tendency to 
lessen or prevent mildew. 

Mildewed straw is bad when used as food for stock in 
chaflP, and the inferior grain is hardly fit for pigSw The 
straw is more commonly used as litter in stables. In this 
position the spores of the Puccinia remain uninjured, for 
neither warmth, frost, wet, or dryness materially aifect 
the vitality of the resting -spores of the fungus of com 
mildew. They are so small that no amount of treading 
from horses, herds, or flocks injures them. The warmth 
and dampness of the stable floor in every way suits them, 
and they are frequently taken from this position, full of 
life, and at once thrown on to the fields in the saturated 
straw. If the spores are consumed with food by animals, 
their passage through the alimentary canal does not injure 
them. The disease is probably, as we think, propagated 
by the mildewed straw being used as manure, and by the 
germinating resting-spores of the fungus of com mildew 
infecting the first young leaves of the corn. 

Mildewed straw should be destroyed, because the Puc- 
cinia, with its myriads of resting-spores, is in this material. 
We have shown that these resting-spores germinate in the 
spring and early summer at the exact time when rust, 
which is the early state of mildew, first appears. Whether 
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additional species belonging to both genera as found in 
the United States. The author says : " There is nothing 
to confirm the views of Oersted as to the connection of 
particular species." 

In reference to Podisoma Juniperi-Sahinas, Fr., and 
RoBStelia cancellatay Beb., Professor Farlow points out 
that the former is "very common in Massachusetts, 
whereas its supposed JEddiumy — R, cancelUUa, Reb., is not 
known with certainty to occur at all." 

Professor Farlow experimented in 1876, 1877, and 
1878, with the spores of Podisoma Juniperi'Sdbinas, Fr., 
with the following results : — 

Nine leaves were taken, three of Gratcegus (hawthorn), 
three of AmeUmchier (medlar), and three of apple. Sper- 
mogonia appeared on the three CratcBgus leaves only. All 
nine leaves were such as the RoRStelice grow upon naturally. 

An experiment was then made with a young plant of 
GratcBgus. Result — ^nothing. 

On five leaves of Cratcegus, Result — nothing. 

The first experiment was repeated with three leaves of 
Pynis added, out of the twelve leaves spermogonia appeared 
on the three of GratcBgus only, although Pyms was the 
plant pointed out by Oersted. 

Ten leaves, six Gratcegtis, three pear and one apple. 
Result — nothing. 

Professor Farlow also records that not only did he get 
spermogonia on the leaves of Graicegus tomentosa, L., after 
the application of the spores irom Podisoma Junipei-i-SahiruBy 
Fr. ; but he got a like result from the application of the 
spores of Gymnosporangium hiseptumy Ellis, and G. macro- 
pus, Lk., both fungi being peculiar to America, one ex- 
tremely rare, and both unknown in Europe. On Pyrus, 
the genus especially pointed out by Oersted, there was 
invariably no result. Sometimes the spermogonia appeared 
suspiciously early, as in four days, — Oersted gave nine or 
ten, — and sometimes the uninfected control plants also 
exhibited spermogonia. Mr. Plowright mentions eighteen 
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days as requisite for a closely-allied species, Gardeners^ 
Ch/ronicle, 28tli October 1882. 

The experiments were varied in many ways, and 
if Professor FarloVs full reports of the carefully conducted 
experiments are examined, it will be seen that heteroecism, 
as regai'ds the American species of Podisoma and Ecestelia, 
completely breaks down at every point. Out of nineteen 
experiments no less than fourteen were without result ; 
when results followed they were contradictory, and 
sometimes, as Professor Farlow remarks, " desperate." 
In 1879 Professor Farlow was absent, but in 1880 he 
returned and made further experiments : these were 
invariably without result. 

We have shown in this work that Ptuxinia (mildew) 
and .^idium (blight) are potentially perennial, heredit- 
ary, and always either in an active or passive state 
in the juices of the plants invaded. Professor Farlow 
adverts to the same fact as regards the American fungi, 
and suggests that the appearance of the spermogonia 
was in consequence of the presence beforehand, in the 
leaves, of the mycelium of some Bcestelia which was made 
to develop by the moist condition in which it was placed. 
" I am strongly inclined," writes Professor Farlow, " to 
favour this view." He further states that, unless he is 
mistaken, he has seen the Ec&stelia state earlier in the 
season than the Podisoma ; and so, instead of following, as 
stated by Oersted, it has preceded, the Podisoma, He 
concludes by saying : ^' Another important fact is to ascer- 
tain how many of our Bcestelice are perennial This at 
least appears to be the case with R, aurantiacaj Pk. If it 
should be shown that several of our Rcestelice are perennial, 
a fact true of our Oymnosporangia (Podisoma), and to grow 
in regions remote from Juniperus and Gupressus, then one 
could not help feeling that any connection between the 
two genera was probably accidental rather than genetic." 

The amount of confusion that exists in books as to the 
host plants, and second conditions of the so-called heterce- 
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cismal or metcscious fungi is now almost beyond conception. 
The literature is bewildering and contradictory in the 
highest degree. The following instance is one of the 
simplest; many others are involved almost beyond the 
power of unravelling. 

In 1872 we observed an jEddium invading quinces in 
Mr. Alfred Smee's garden at Hackbridge. At that time 
no such plant on quinces had been noticed as British ; but 
the fungus was published by us in Mr. Smee's My Garden 
under the name of jE, cydonicB, Lenz. We afterwards 
learned that this fungus was considered to be a mere form 
of BoBstdia comuta, Tul., a parasite of mountain ash, and 
proved (?) by experiments with spores to be a second con- 
dition of Oyrnnosporangiv/m Juniperi, Lk. Professor W. 
G. Farlow mentions a distinct EcBstelia frequent on quinces 
in the United States, under the name of E. aurantuzcoj 
Pk., and this is probably our plant Professor Farlow 
considers it a true species ; but other botanists look upon 
it as a variety, — ^not, however, of the E. comiUa, Tul., just 
mentioned, but of the totally different E. Ictcerata, Tul., 
whose alternate condition is said to exist in Podisoma Juni- 
periy Fr., a second parasite of Junipenis communis, L. In 
the United States, strange to say, E, aurantiaca, Pk., and 
E. lacerata, Tul., grow in company on the same host 
plants. 

If the statements just given as to the quince fungus 
are correct^ we have two confessedly very different species 
of fungi, both frequent on Juniper, and both able to 
invade quinces, and produce specifically different fangi on 
the leaves and fruit, — the characters of the two quince 
fungi being in turn so much disputed by botanists, that 
their names are sometimes transposed, and one made to 
do duty for the other ; each Eoestelia being supposed to 
answer to the characters peculiar to the other one. 

Note.—On page 176 we have stated that the initial experi- 
ment of producing an uEcidium from germinating Pucdnia 
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spores iras made by Professor De Bary with Puceinia tragopo- 
gonia, Cordi, the asanmed result beiug iridium Iragopogoais, 
Pers. The latter is abundant in this country, but the former, 
illaatrat«d Irom a continental example in the left-hand figure of 
Fig. 90, has never yet been found in Britain. A aeeond species 
of Paecinia, hoivever, named P. sparsa, Ck. , is found both in 
Britain and on the Continent on Tragopogim. Thia has rough 
or slightly eehimilata apores, and 13 illustrated in the right- 
hand fgure of Fig. 90. Dr. M. C. Cooke maintains the dis- 



ss of the two fungi, and P. sparsa, Ck. , is retained as n 
species in the Atyeologia Seolica. Many botanists, both British 
and Continental ; look on the two parasites as quite distinct, 
but the advanced advocates of hetanedsm now say they are the 
aame, and term both P. tragopogi, Pers., although Persoon 

We have not heard whether .^oidium tragopogonii, Perti,, 
follows the germinating spores of Purxinia sparsa, Ck., on 
goats-beard, — if it does, and the two species of Puceinia are 
distinct, the case is similar with the one mentioned b; Pro- 
fessor W. G. Farlow, where spermogonea appeared on pear 
leaves after the applicatioa of the germinating spores of two 
species of Qymiiatpimaigiii'm and ono of Podisoma. 



CHAPTER XXVI. 

NEW DISEASES OF WHEAT, BARLEY, AND RYE -GRASS, 

CAUSED BY 

Fusisporium culmoi'umy hordeiy and Loliif W.Sm. 

There can be no doubt tliat the injury caused to food 
plants by various species of Fusiaporivmi is much greater 
than is generally supposed. We have already stated that 
a form of the potato disease is caused by one or more pests 
belonging to this genus. Perhaps one reason why some 
species of Fusisporiwm have been overlooked is because 
they are almost invisible without careful attention, com- 
bined with a knowledge of their habits of growth. Some 
species only resemble to the unaided eye a small gelatin- 
ous patch, and when this patch is exactly the same colour 
as the matrix on which it grows (which is often the case), 
the difficulty of detecting the fungus is increased. 

A description of Fusisporiv/m was given imder Fusis- 
porium Solani, Mart, Chapter V., one of two species found 
on potatoes. We will now briefly advert to three species 
which at present have found no place in the text-books of 
this country. 

There is a Fiidsporium found on wheat generally tinted 
with cream-colour or yellow, and possibly varying in col- 
our from white to pink. It attacks the ears, chiefly per- 
haps of those plants which have been more or less invaded 
by com mildew or other cereal fungL This Fusisporium 
forms a pale yellow-orange gelatinous stratum over the 
ears or some portions of the ears. It glues the spikelets 
together and stops the growth of the grain. Although 
this pest has apparently been hitherto unrecognised by 
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botimists, we have heard of it from agricuIturistB at various 
places. The upper portion of an infected ear, as sent to 
UB by Mr. ChaB. B. Plowright from West Ljtiii, Norfolk, 
is illustrated, natural size, at Fig. 91. The dwindled por- 
tion at the apex from A to B is the 
part overrun by the Fumporiwiii. 
The fungus, owing to its orange 
colour, gives the ear a spurjous ap- 
pearance of ripeness. When the 
plant is magnified 400 diameters, it 
is eeen, as at A, Fig. 92, where the 
crescent - shaped fusiform septate 
spores, so characteristic of the fungus, 
are illustrated. One of the sporea 
at B is seen breaking up into four 
portions. After a short rest e^h 
portion will burst and produce new 
mycelium. A single spore is farther 
enlarged to 1000 diameters at C. 
The long cells at D belong to one of 
the outer glumes of the wheat spike- 
let. This plant may be named Fio. 9i.— upper purt of 

Fusilporium CUlmomm, W.Sm., and anin(n;t*deBrof whost 

described as follows : — Mycelium ^J^^fwl^TN"" 

effused, gelatinous, yellow or orange, uni siie. 

sparingly septate, torulose ; spores 

large, fusiform, 3-6 septate, orange. On wheat, fixing 

the pales, glumes, and spikelels together. 

Another Fuiigporium,, belonging to barley, has recentl}' 
attracted attention, and this was described and illustrated 
with two plates in the Jour. Boy. Micro. Soc. for June 

1883, p. 321, under, as we think, the incorrect name, as 
furnished by Dr. Chr. Hansen of Copenhagen, of Fusarium 
gramineaTUTii, Schwb. ; this is the F. graminum of Corda. 
Unfortunately no scale of magnification was given with 
the plates. The author of the article, Mr. Chas. Geo. 
Matthews, was good enough to seud us some of the infected 
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grainB of barley, from wliich our ilhiBtrations were made. 
At Fig. 93 five of the " red corns," as maltsters term them, 



> illustrated twic« the natural size. These miesliapen 
ed corns" are to a great extent covered with fungus 




spawn and spores, ranging in celour from pale orange to 
bright scarlet or deep cinnabar- crimson. The fungiw 
itself, illtistrated to the same scale as Fiisiiiporifim ciinwirjHii, 
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W.Sni., is shown at Fig, 94. It will be noticed that 
many of the spores have broken np, as in the last, and 
formed little globulai Hporea of a second aeriea, aa at A A. 
These are destined to rest for a short period. Other of 
the spores, as at BB, are germinating whilst still attached 
to their mipportii^ threads, — a common phenomenon in the 
genua Fuii^oriv/ra. A single spore ia enlaiged to 1000 
diameters at C. The cells at D belong to the flowering 
glume. Mr. Matthews states that the spawn of the fungus 



Fuaisporism Jardei, W.Sm. Enlarged 100 diameters. 
Spoie enlarged 1090 dlametera. 

will run over paste made of cruahed germinating barley, 
and throw np red patches from half an inch to three- 
quarters of an inch high. The fungus is said chiefly to 
invade barley of poor quality and ill-conditioned crops 
and ears, seldom or never appearing on good sound barley. 
The germinal end of the grain is distinctly the part most 
seriously attacked, perhaps because it is the aofteat, being 
the spot whence the plumule and radicle of the young 
plant is destined to emerge. It is clear that no badly 
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B^ 



affected grains can possibly germinate. 
In both wheat and bsCrley the fungi 
when present give the grain a peculiar 
and disagreeable taste. Mr. Matthews 
states that when the Fudsporium is 
introduced into sterilised beer-wort it 
gives rise to sluggish ferments, pro- 
ducing alcohol and carbonic acid gas. 
This species may be named Fusisporiunt 
hordeif W.Sm., and described as fol- 
lows : — Mycelium rose - coloured or 
crimson ; torulose, effused, forming 
a thick gelatinous stratum, septate ; 
spores fusiform, acuminate at both 
ends, 1'3 septate, rose-coloured, crim- 
son, or cinnabar-red. On barley, form- 
ing red gelatinous patches. 

The third illustration at Fig. 95 
shows, natural size, an orange-coloured 
FvMsporium on the common and valu- 
able perennial rye-grass, Loliumperennej 
L. The spike illustrated is ergotised, 
and the example illustrated was sent by 
Mr. Chas. B. Plowright from Norfolk. 
The Fimsporium is shown at A, B, C, 
and D. Loliwm perenne, L., is unusu- 
ally subject to ergot, and it is remark- 
able that in the spike illustrated the 
FiLsi^orium was invading the ergot as 
well as the different parts of the 
spikelet and seed. Young ergots are 

shown at E, F, and G ; others are 
FiQ. 95.-Spike of Lo- ^^^^^^ , ^^^ ,^ ^^ glumes. This 

vaded by Ergot and cunous species IS enlarged 400 dia- 

FusUpoHum Loiiit meters at Fig. 96, a single spore being 

^'^^' enlarged to 1000 diameters at A ; the 

illustration at B shows the mycelium running over the 
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cells of the ergot, TliU species may be named F-amaporium 
Lolii, W.Sm., and described as foOows r — Mycelium 
orange, t«rulose, effused, forming an orai^e gelatinous 



FviiaporiuTnLolil, W.Sm., 
Spoiei 

stratum ; spores fusiform, acuminate at both ends, 1'4 
septate, orange. On rye-grass and its ergot. It is quite 
possible that some species of Futiapormm may be parasitic 
in habit. One species, F. mucopkytum, W.Sm^ grows on 
sound edible mushrooms ; and F. obtuium, CIe., is described 
as parasitic on old fungi found under Diatiype, and a 
similar species with the last occurs in North America. 



CHAPTER XXVII. 

ERGOT. 

Claviceps purpurea, Tul. 

The terrible effects of ergotised grass on animals that have 
partaken of it are so serious and so well known that a 
clear knowledge of the nature of ergot should be possessed 
by all persons interested in agriculture. 

Ergot has a powerful and immediate effect, and especially 
so when quite fresh, in exciting muscular contraction in 
certain parts of animals, notably the uterus. The same 
contracting power of ergot is no doubt the primary cause 
of the well-known gangrenous diseases always popularly 
associated with this substance. Ergot, by contracting the 
muscles, stops the flow of blood to the extremities, and 
these extremities, unsupplied with fresh blood, sometimes 
rot and drop off. 

The ergot produced by rye, Secah cereale, L., is one of 
the largest, best known, and probably the most potent, 
and this is the substance invariably used in medicine. 
Ergot is commonly termed ergot of rye, but the fungus 
growth is very common on other cereals and on many grasses. 
Amongst others it has been recorded in Britain as parasitic 
upon the following plants : — Mat grass, Nardus stricta, L. ; 
catstail-grass, Phleum pratense, L. ; foxtail grass, Alopecurus 
pratensiSf L. ; reed canary-grass, Phalaris amndmacea, L. ; 
vernal grass, Anthoxanthum odoraturriy L. ; waved hair- 
grass, Airafleocuosa, L. ; turfy hair-grass, Aira ccespitosa, L. ; 
oat-grass, Arrhenatherum avenaceu7n, Beauv. ; meadow soft- 
grass, HoUus lanatus, L. ; creeping soft-grass, Holcus mollisy 
L. ; cocksfoot grass, Dactylis glornerata, L. ; smooth meadow- 
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gross, Poa annuo, L.; floating sweet- 
grass, Glyceria flvila'as, B.Bt, ; tall 
fescue - grass, Festuca elatior, L. ; 
meadow fescue^asB, Festtica pra- 
letmt, Huds. ; wheat, Tritwum 
ioUvina, L. ; wheat-grass, T. reptns, 
L. ; rye-grasB, Lolium pererm^, L. ; 
darnel-grass, Zio2tum tenuiUtituiii, 
L. ; lyme-grass, Elymiu arenarius, 
L. ; rye, Secak cereaU, Welld. ; 
barley, Httritam, distkhum, L., on 
species of Agrostia, and no doubt 
on many otter grasses, including 
rice, Oryza sativa, L. A large North 
American species of lymt-grass, 
sometimes seen in our gardens 
under the name of EiyTmts gigan- 
tma, Vahl., produces a very large 

In describing ergot we will take 
a spike of ei^otised rye, and after 
examining one of the ergots which 
it has produced, we will follow up 
the life-history of the fungus and 
ahow how it produces other ei^ts 
like itself. We will then glance at 
the effects of ergot on man and 
other animals, and see how the 
attacks of ei^ot on grasses may be 
lessened or prevented. 

If we take a spike of ei^otised 
rye — SeeaU certale, L, aa illus- 
trated, natural size, at Fig. 97 — 
we see one or more of the rye 
seeds replaced by blackish hornlike 
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growths, as at A, B, C, D, twice or three times as long and 
Btont as the normal rye seeds. In old times the ergot vas 
supposed to be an unusually lar^e and diseased rye grain. 
If it grew on wheat itwas considered a somewhat lai^e grain 
of wheat, just as the galls known under ear-cockle weK 
at one time supposed to be unusually small and cockled 
1 ei^t from a spike we shall see 




'•^^M 



ilargedS 



that its production has not materially injured the spike of 
grain, and that its growth has heen conlmed to the spike- 
let from which it was taken. On looking at ei^ta with 
a lena we see them, enlaiged to twice their natural size, 
as at Fig. 98. We notice that they are longitudinally 
cormgated and minutely granular, often slightly split both 
transversely and longitudinally, the cracks often showing 
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a reddish niai^rin_ ^ad cxposkig Lke whitish interior sub- 
stance of the ergot. A transverse section through an ergot 
is shown at A. Sometimes the minute scales or lodicules 
remain attached to the ergot, as at B. These latter organs 
are farther enlarged to five diameters at C, bo that they 
maj be compared with the smaller lodicules of wheat 
enlarged to the same scale at Fig. 42, See also Fig. 43, 
There is a faint sickly odour of camphor attached to fresh 
ergot, and if we hold it in a flame it immediately takes 
tire and bums like the kernel of a nut, constantly giving off 
little jets of flame, and dispelling a not unpleasing odour. 
The ergot bunw thus freely because it contains a brownish- 
yellow, viscid, aromatic, slightly acrid, oil. Its taste when 
raw is slightly bitter and nauseous. If we now cut an 
ei^t in two, either transversely or longitudinally, and 
then remove an extremely thin transparent frt^ment from 
the exposed surface and magnify 400 diameters, we shall 
see the structure as at 
Fig. 99. We now ob- 
serve a densely-com- 
pacted mass of cells 
with thick pale-brown 
walls, many of them 
made polyhedral' by 
the pressure of adjoin- 
ing cells. A few cells 

are elongated, and ap- ''"'■ '^E^J.^ri wfljfamew^*^'' 
pear to wind between 

the globular and polygonal cells in a sinuous fashion. If 
the ergot is sliced in any part, the same appearance 
presents itself — densely -packed thick-watled cells filled 
with a viscid oily liquid. 

After this examination we clearly see that we are not 
dealing with a perfect fungus, but with a Sclentiam. not 
disBimilar from the one found on potatoes, and illustrated 
to the same scales with et^t in Figs. 4 and 5. In 
colour, size, and general appearance, the Sclerotia of 
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potatoes and the ergot of rye are so mucli alike that if a 
large number were mixed together it might be no easy 
task to distinguish in every instance one from the other. 
Ergot is described in old botanical books as ScUrotium 
claviis, D.C., or Spermcddia clavtis, Fr. 

If we keep ergots all through the winter on moist 
sand on a garden bed, or indoors, they will germinate in 
the early summer precisely in the same way as the 
Sclerotia of potatoes already described ; and although the 
ergots will not produce a Pessiaa as the potato Sclerotia 
did, yet they will give rise to a fungus of equal if not of 
greater interest. 

If eigots are laid in a clean, moist, shady place in a 
garden, they will germinate naturally in June ; or if a 
search is made where dead ergotised rye or other ergotised 
grasses have lain, the germinated ergots will sometimes 
be found without difficulty. 

Just as different grasses vary a little in their time of 
flowering, so ergots vary in their time of germination. 
An early flowering grass is invaded by an early germi- 
nating ergot, and a late grass by a late ergot. Qrasses 
and ergots alike flower and germinate at a somewhat 
different period in the south of England and the north of 
Scotland. Surrounding circumstances have modified the 
habits of both grass and fungus. The range of time in 
the flowering of grasses and germinating of ergots is in- 
cluded in about three months. 

If we now take a germinated ergot such as either of the 
two illustrated, twice the natural size, at Fig. 98, and 
examine it, we shall see that it has produced several club- 
shaped growths, curiously answering in appearance to, 
although considerably sinaller in size than, the Peziza 
with the slender tortuous stem produced by the potato 
Sclerotium, as illustrated, natural size, at Fig. 6. Like the 
potato Peziza the growths from ergot have a somewhat 
long tortuous stem and a cap, as illustrated the natural 
size, at Fig. 100, and here the similarity ends. Each little 
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white-stemmed fungua which grows from a white downy 

base out of ergot in the summer 

is furuiahed with a small spherical 

head of a beautiful pale purplish 

colour. This growth, enlai^ed five 

diameters at A, Fig. 101, was at 

one time supposed to be a parasite 

on ergot, but it JB now known to 

be the perfect condition of the Fio. lOO. --Ergots g(rrmlna_-„ 

ergot itself- The Glaviceps derives and producing cuaieips 
its nourishment from the ergot, p^itarta, Tui. Natural 
and after the Glavicepi has appeared 

the ergot coUapses and perishes ater the manner of the 
seed tuher of a potato plant. Tulasne has named this 
perfect state of ei^ot Claviers parpurea. Glaviceps of 





Pio. 101, 

CTavJMpI pUTjmna, Enlarged 6 diameters ; and aeotion througll head or 

Btroma. Enlikrged 20 diaueten. 

course refers to the clublike head, and purpurea to its 
beautiful purplish colour. The popular name "Eigot" 
is French for the spur of certain birds. 

n must now be directed to one of the pale 
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purple globose headB. Extemallir thej are irr^iilarly 

dotted over with little prominences, as at Fig. 101, A, 

enlarged five diameten ; and in this thej greatly resemble 

the claba belonging to Tormbui found growing upon a 

buried truffle (see Fig. S2). On cutting longitudinally 

tbraagh the head of the Ctavkepi of eigot we find it like 

the parasitic growths belonging to the truffle (and unlike 

the potato Paxza illostrated 

* at Kg. 7). We see it, if 

enlarged twenty diameters, 

as at B, Fig. 101, packed all 

round its outer surface with 

small flasks, conceptacles, or 

perilhecia, with the mouths 

of the flasks alt opening 

towards the outside. The 

little projecting mouths, as 

at CC, represent the minute 

prominences Been on the 

outside of the cap or stroma 

at A. As with the former 

fungi we have described, we 

must now cut an extremely 

thin traosparent slice off 

the exposed cat surface of 

the head, and mi^nify with 

the highest powers of the 

Fio. lets. -Bectianthroughmconcep- microSCOpe t« make OUt the 

tKio or peritiiwjiom of ciainaj» nature of one of the minute 



diameten. 



E""^ ^ conceptades or perithec 



and its contents. 
If we magnify a single perithecium or conceptacle 200 

diameters, we shall see it as at Fig. 1 02. We now notice, 
' as in former examples, that the flasks, conceptacles, or 
]>erithecia are closely packed with fine long transparent 
bladders, which spring from the base of the perithecium. 
The mouth from which these bladders ultimately eoteige 
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is at A, By dexterously moving 
the cover-glass, or by manipulating 
with a needle, we may easily get 
some of these contained asci or 
bladders free from the flask, and 
when free a single ascus will be 
seen if magnified 500 diameters, as 
at A, Fig. 103. We now perceive 
that they are not empty bladders, 
for through their transparent walls 
we can see that each contains eight 
extremely fine long attenuated 
bodies, which are sporidia or spores. 
One of these spores from an ascus 
is farther enlarged to 1000 diam- 
eters at B. If reference is now 
made to the ascus and sporidia 
belonging to the potato Pesdza, as 
illustrated to the same scale at Fig. 
9, the difference, especially in the 
spores, will be seen ; and if the 
sporidium of the Torrubia of the 
truffle is turned to at H, Fig. 22, a 
similar long attenuated body will 
be seen. The sporidium from the 
Torrtibia is furnished with an enor- 
mous number of joints, whereas it 
will be noticed that the body now 
before us is apparently in one piece. 
The exceedingly small, long, needle- 
like, extremely attenuated sporidia 
belonging to germinated ergot are 
produced in June. When we have 
an ergot with the club-shaped 
Claviceps upon it we have the ergot 
in fruit. 

On a June day, then, we have a fruiting ergot before 






B 



X-500 XOOO 

Fia. 103.— Ascus of Clavi- 
ceps purpurea^ Tul. En- 
larged 500 diameters. 
Sporidium of dittos en- 
larged 1000 diameters. 
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us, and the problem presents itself for solution — How do 
these inconceivably minute hairlike bodies or sporidia 
free themselves from the asci and perithecia of the 
Glaviceps, and cause ergot in grasses ? 

If germinated ergots are kept in moist air under a bell 
glass and observed against a black background in sun- 
shine, the ejection of the spores like shining needles or 
almost invisible glittering arrows may be clearly seen, 
with a lens. What power it is that causes the discharge 
from the flasks no one has at present certainly explained ; 
but the phenomenon is well known to occur in many 
fungi. The discharge takes place after a sudden touch 
or movement, or on a change of light or temperature, as 
when a sunbeam suddenly falls on any ascus- bearing 
fungus. The glittering hairlike spores are shot from the 
mouths of the perithecia into the air radially in all 
directions. The sporidia may be easily caught and 
examined if strips of glass are smeared slightly witli 
glycerine and placed under a bell glass near the ripe 
fungi. The sporidia can then be examined whilst alive 
and fresh. The asci as well as the free sporidia are 
often expelled, and it frequently happens that the act of 
expulsion is too weak to propel the sporidia or asci into 
the air, and they hang only half expelled from the mouths 
of the perithecia. 

If we now suppose ourselves to be in a district where 
rye is common, and where rye was ergotised during the 
previous autumn, we shall have the rye in flower at 
the precise time when these myriads of glittering little 
needle-like sporidia are sailing through the air. Such 
needle-like spores as do not light upon flowering grasses 
perish ; but where there are so many millions of sailing 
spores some must of necessity fall upon the flowers of a 
grass — let us say rye. 

We must now imagine a needle-like sporidium falling 
close to the pistil and stamens, and reaching the base of the 
pistil of a flower of rye. Here the spore bursts or germi- 



XXVII.] ERGOT. 228 

nates, and in bursting forms a microscopic drop of glittering 
vital material This glittering viscid drop at the base of 
the pistil speedily increases in size, and after about three 
days it becomes visible to the unassisted eye. Its increase 
in size is probably aided by an exudation from the rye 
spike itself near the base of the pistil, and by absorption 
of moisture from the atmosphere. The glittering liquid 
has a great attraction for various flies, and no doubt 
insects aid in the propagation of ergot. The liquid, 
however, appears to kill some flies ; for our friend Mr. A. 
S. Wilson has made the curious observation that he has seen 
hundreds of flies standing on newly-ergotised grasses in 
the stillness of death. On examination of this viscid drop 
with the microscope, we see it traversed by a transparent 
filamentous sweet -tasting mycelium, the beginning of 
ergot. The mycelium attaches itself to the base of the 
pistil, and partly covers the ovary ; it partially penetrates 
the tissues of the pistil, generally leaving the upper part 
exempt The mycelium now occupies the place of the 
pistil which it soon pushes from its place, and as the 
fungus enlarges in size it becomes deeply furrowed and 
honeycombed, and often carries the feathery styles on its 
apex, and so somewhat resembles an aborted grain of rye. 
As the viscid mycelium continues to grow, its base be- 
comes compact and indurated, and this indurated base^ 
anatomically connected with the viscid matter above, is 
the beginning of true ergot. A half-grown ergot is illus- 
trated at Fig. 104, enlarged five diameters, with the true 
ergot at the base, A, and the viscid matter at the top, B. 
The apex at C is crowned with the withered styles which 
have been forced from their natural position. At D a 
longitudinal section through this yoimg ergot and its 
glutinous top is illustrated. 

In old times the early viscid condition of ergot, coating 
and pushing up the aborted seed was considered to be a 
distinct fungus, and, like the Glaviceps of germinating 
ergot, was considered a parasite of ergot. The glutinous 
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condition of ergot ia generally described under the waae 
of Sphacelia, a word derived from the Greek, and meaning 
gangrene. Tliu same word in a secondary sense means 
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mildew. We have the English word sphacelate, which 
meaua to become affected with g 



It unfortunately happens that thia viscid early conditioii 
of ergot has had other names in addition to Sphacelia, 
Queckett termed it Ergotalia abwtifaciens, whilst Measre. 
Berkeley and Broome believed it to be an Oidium, and 
described it as 0. aboTtifaden» ; and in this they were 
perfectly justified, for the fungus displays the characters 
of a true Oidium, a condition of some fung;! which has 
been adverted to be- 
fore in this work 
under the Oidium of 
the tnmip, and the 
Oidium or early con- 
dition of the Ery- 
n^Aeof grass mildew. 
The Sphaedia is the 
Outturn or larval 
state of ei^t 

We must now once 
more return to the 
microscope, and take 
a thin, transparent 
slice from the point 
of junction between 
the indurated ergot 
below and its viscid 
Oidium top. If we 
m^:iiify a thin sec- 
tional slice 400 di- 
ameters, we shall see 
it ae at Fig. 1 OS; the 
compacted cells of the ei^t are at the bottom left-hand 
comer, and the much looser mucilaginous and filamentous 
growth is shown above. The upper part is the Oidiwn or 
Sphaodia, which not only carries its own nucleated eonidia, 
but is often swarming with bacteria and minute infnsioriat 
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animalB. We now see that the walls between the far- 
rows consist of elongated Oidium-Ml^e cells springing from 
a gelatinous substratum, and each cell supports an Oidivm 
spore or conidium. These little spores or sporidia ger- 
minate very readily in water or on any moist surfEice, and 
by this means they not only continually increase the 
Oidium growth, but they can, on being blown on to grass 

flowers, cause the production of 
other viscid early states of ergot. 
It will be remembered that Oidium 
Balsamiiy Mont., reproduces itself in 
the same manner on turnips ; 0. 
monUioideSy Lk., does so on grasses, 
and 0. TiLckeri, B., on the vine. A 
conidium or stylospore germinating 
at A, and producing another stylo- 
spore exactly like itself at B, is 
shown at Fig. 106, enlarged 1000 
diameters. As the true compacted 
ergot below increases to its full 

Pig. 106.— 8i>ore of 5p/<a- . .-, t xy^-j* _xi- 

ceiia or Oidium of Ei^got, ^ize, the less compact Otdvum growth 
germinating at A, and above collapses and falls away. The 
producing a spore or true ergot is then left devoid of its 

To^'^^ml^r;.^"'^"' ^-iscid, watery apex, with its little 

tortuous farrows and conidia or 
stylospores in the condition in which we first began our 
observations upon it. 

The value of the Oidium growth to the ergot is obvious, 
for if one needle-shaped spore from a Clavic^ produces 
the infant state of ergot on one rye-flower, we see that in 
a few days this larval condition can produce thousands 
of new Oidium spores, each spore being equally powerful 
with a Claviceps spore in producing ergot. Ergots seldom 
germinate and produce the Glamceps when more than a year 
old ; two-year old examples have, however, been known 
to sprout, but we have not heard of three-year old specimens 
germinating. In concluding this subject we will mention 
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some of the effects of this pest, and say how its general 
prevalence may be reduced. 

The consumption of ergot when it is ground up with 
grain causes chronic dry, black, or livid gangrene, some- 
times with but little fever, inflammation, or pain. The 
limbs affected become insensible and cold, and, in the 
prepress of the disorder, dry, hard, black, and withered. 
In some instances violent pain has been recorded, with 
redness, insupportable heat, and delirium. A line of 
separation, reaching to the bone, is formed by the disease 
between the dead and living tissues. Ergot is especially 
potent^ when taken fresh and raw, in exciting strong uterine 
contractions ; and when a small portion only is consumed, 
it causes weaker contractions which wear out the injured 
animal with fatigue. A correspondent of the Gardeners* 
Chronicle, 1st June 1876, states that he has observed 
cows lose their calves prematurely at the time ergot 
appears. It is curious that, when ergot is ground with 
grain and cooked in bread, abortion or premature birth is 
not the usual result. It has been computed that in wet 
seasons, in some parts of France, one-fourth of the rye 
used for bread consists of ergot ; the poor, it appears, taking 
no pains to separate the ergots, and the result of its con- 
sumption is often some form of ergotism. M. Duchamel 
mentions, in the Memoirs of the Royal Academy for 1748, 
that out of 120 persons attacked scarcely four or five 
escaped with their lives. 

In the Philosophical Transactions (1763) vol. lii., part 
ii., for the year 1762, p. 526, is a printed extract from a 
letter from the Eev. James Bones, M.A., of Wattisham, 
near Stowmarket, Suffolk, to George Baker, M.D., F.B.S., 
relating to a case of mortification of limbs in a family there. 

The letter says that on Sunday, 10th January, Mary, 
daughter of John and Mary Downing, sixteen years old, 
felt a violent pain in her left leg, which, in an hour 
or two, also affected her foot, and particularly her toes. 
On the next day her toes were much swollen, and black 
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spots appeared on thenu By degrees the whole foot 
became swollen and blacL The pain, which was now 
chiefly in her toes, was, as she said, as if dogs were 
gnawing her. The blackness and swelling advanced 
upwards by slow degrees, till they reached the knee, 
where the flesh broke, and a great discharge followed. 
In a little time the flesh of her leg putrified and came off 
at the ankle, together with the whole foot, leaving the 
leg-bones bare. Her other foot and leg were affected in 
a few days, and decayed, nearly by the same degrees and 
in the same manner. She had then an abscess formed in 
one of her thighs. In a subsequent note it is stated that 
this girl, who had sat for fourteen weeks in a chair, and 
for seven days without any feet, or flesh on her leg-bones, 
had at length consented to have the bones taken off. 

Mary, the mother, was seized within a few hours of her 
daughter's first seizure with the same violent pain under 
her left foot, or, as she sometimes said, in her left leg. 
Her toes, foot, and leg were affected in the same manner 
as her daughter's ; and in a few days her other leg and 
foot suffered in like manner.. The flesh of one leg had 
separated, and come off at the knee, leaving the bones 
bare, which she would not suffer to be taken off. The 
other foot had rotted off at the ankle. Her hands and 
part of her arms were, from the first attack, without sen- 
sation, and her fingers contracted. In a subsequent letter 
it is stated that the mother " still remains in bed with 
her leg-bones bare, which she will not suffer to be taken 
off." 

In four or five days after the eldest daughter and the 
mother were first affected, Elizabeth, aged fourteen years, 
Sarah, aged ten, Robert, aged six, and Edward, aged four, 
were all taken on the same day with violent pains in the 
feet and legs, chiefly in the left. 

Elizabeth was seized only in one leg and foot, which, 
during three weeks, she could not set on the ground, but 
stood all the time on the other foot, leaning against the 



XXVII.] ERGOT. 229 

cliimiiey ; after which, heing taken in the same manner 
in the other foot, she was obliged to lie down. One foot 
mortified and came off at the ankle, and the other leg near 
the knee. 

Sarah was taken in one foot, which mortified and came 
off at the ankle. The other leg sufiered in the same 
mIKnner, and also separated at the knee. 

Robert was taken in both feet. His legs separated at 
the knees. . . . Edward was taken in both feet, which 
separated at the ankle . . . etc. 

The report then describes the death of an infant, whose 
hands and feet turned black after death, and the illness 
of the father, whose fingers were benumbed, contracted, 
and black, the nails coming off, and two of the fingers becom- 
ing iQcerated. Then follows a description of the persons 
afflicted and their food, but no hint is given as to the 
presence of ergot. 

In the subsequent letter, before referred to, it states at 
page 530 that the family had no rye, but had been " used 
to bny two bushels of clog-wheat, or revets, or bearded wheat 
. . . every fortnight. Of this they made their household 
bread." The wheat, it appears, had been laidy and was 
thrashed separately lest it should spoil the samples. It 
was not mildewed or grown, but discoloured and smaller 
than the other. It made bad bread aud worse puddings. 
A labouring man who used the bread was affected with a 
numbness of both his hands for about four weeks. His 
hands were continually cold, and his finger ends peeled. 
One thumb was at the time of the report stOl without any 
sensation. 

A note at the end of the second letter says "there 
is, in L'Histoire de VAcadimie Boycde des Sciences, for the 
year 1710, a paper, the title of which is Sur le bled comu 
ofpelU Ergot i^ecale comiculatum nigrum, mentioned as 
a poison by Hoffinann)." Here it is said that M. Noel, 
surgeon of the H6tel-Dieu at Orleans, within about a 
year's time had received into the hospital more than fifty 
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patients afflicted d!une gangrene s^he, noire et lividey which 
began at the toes and advanced more or less, being some- 
times continued even to the thighs. He adds "he 
observed that this disease affected the men only ; and that, 
in general, the females, except some very young girls, 
were free from it." 

In the same paper is mentioned, as a fact well known 
to the Academy, the case of a peasant who lived near 
Blois. In this patient a gangrene, at its first attack, 
destroyed all the toes of one foot, then those of the other, 
afterwards the remaining parts of both feet ; then the flesh 
of both his legs and that of his thighs rotted off success- 
ively, and left nothing but bare bones. 

The members of the Academy were of opinion that 
the disease (of which M. Noel had sent an account) was 
produced by bad nourishment, particularly by bread in 
which there was a great quantity of ergot This substance 
is described by M. Fagon, first physician to the king, and 
is said by him to be a " kind of monster in vegetation, 
which a particular kind of rye sown in March is more apt to 
produce than what is sown in the autumn, and which often 
abounds in moist, cold countries and in wet seasons." 

Professor J. S. Henslow, in commenting on the Mattis- 
hall case, in the Journal of the Royal Agricultural Society 
of England, vol. ii., 1841, says there was no evidence 
that the presence of ergot was suspected in the wheat 
used, and although ergot is supposed seldom to attack 
wheat, yet Professor Henslow says that he had found it 
in 1841 in four different fields of wheat, and gathered 
more than a dozen specimens. Some of the Suffolk 
farmers were sufficiently acquainted with it to satiafy 
Professor Henslow that ergot was more common on wheat 
than was at that time commonly suspected. Upon asking 
his miller to search, he soon picked out about three dozen 
ergots from two bushels of revet wheat which had been 
sent to be ground, at his mill, and he said that he had left 
at least as many more in the sample. This wheat was 
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grown in the next parish to Wattisham. A very cursory 
look into a sack of gleaned wheat then at the mill also 
famished Professor Henslow with three or four more 
specimens. 

From our own experience we should say that ergot in 
wheat is by no means uncommon, as we have generally 
found it on searching. Our examples have always been 
much smaller than the ergot of rye, and not much larger 
than a grain of wheat. 

Our friend the Eev. Canon Du Port, M.A., of Mattis- 
hall, Su£folk, writing in the TransacUona of the NorfoUc 
a/nd Norwich Naturalists^ Society, voL iii. p. 199, says a 
considerable quantity of ergot was found among the 
marshland wheats in the year 1879, in which the summer 
was abnormally wet and sunless. 

It unfortunately happens that ergot is extremely 
frequent on the common rye grass, Lolivm perenne, L., a 
valuable grass, never absent from pasture-land and always 
present in permanent pastures. Professor Henry Tanner 
states, in the Journal of the Royal Agricultural Society of 
England, No. xli., 1858, that he knew of a Shropshire 
breeder who lost £1200 in three years from the preval- 
ence of ergot in his fields. Ergotised grass is especially 
damaging to animals at the time when the uterus is nearly 
ready to exclude its contents. 

In some instances it is easy to sift ergot out of grain, 
as the ergots are larger in size than the seeds ; but in other 
instances, as in wheat, the ergots are often so similar in 
size with the grain that hand picking is the only means 
that can be used. As ergots are generally black, there 
is no special difficulty in recognising them amongst 
seeds. 

It is said that ergot is most abundant in ill -drained 
positions, and that good draining materially lessens it. 
When the grasses of pastures are ergotised it is well to 
pass a sharp scythe over the top of the grass and remove 
as far as possible the spikes, racemes, or panicles ; and 
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tliis material, wliicli is a common cause of abortion, should 
be raked together and placed out of the reach of the flocks 
and herds. In districts notoriously subject to ergot the 
scythe may be used in a similar manner at the flowering 
time of grasses, for as the spores of the Claviceps attack the 
young flowers, it is obvious that the ergots will be many 
or few according to the number of grass flowers. 



CHAPTER XXVIII. 
Wilson's variety of claviceps on ergot. 

Clavic^ purpurea, Tul., var. WiUoni, W.Sm. 

No account of ergot would be complete without a descrip- 
tion of a curious form of the germinating ergot of floating 
sweet grass, Olyceria fluitanSy R.Br., observed by our friend 
Mr. A. Stephen Wilson near Aberdeen. 

Glyceria Jluitavs, B.Br., is common in wet and muddy 
places and in stagnant pools and slow-running streams ; 
and, in our opinion, the peculiar variety of Claviceps named 
WUsoni entirely owes its origin to its peculiar environ- 
ment, so different as it is from the environment of wheat, 
rye, and other cereals, and many grasses. Mr. A. S. 
Wilson, in July last^ obligingly forwarded us a consider- 
able number of germinated ergots of Olyceria flmtans, 
R.Br., on which the new and curious variety of Claviceps 
was growing, and from these examples the following notes 
and illustrations have been prepared. 

Mr. Wilson detected these growths in July 1882 after 
a very wet spring and early summer. In July 1883 they 
were less common, and were intermixed with the normal 
purple form of the Claviceps described in Chapter XXVIL 
Sometimes the purple form as well as the new white or 
yellowish one was growing from the same ergot. 

Four germinated ergots carrying Claviceps purpurea, 
Tul., var. WiUoni, W.Sm., are engraved, natural size, at 
Fig. 107. This illustration may be compared with Fig. 
100, where the normal form is iUustrated, natural size. 

Two germinated ergots are enlarged Ave diameters at 
Fig. 108, for comparison with Fig. 101, A, where the 



234 DISEASES OF FIELD k GAEDEN CROPS, [en. 

normal form is similarly enlarged. The variety differs 
from the typical form in being whitish or yellowish 
instead of pale pniple in colour, and in the perithecia or 



davkepi pnrpuT/a, TnL. vu. WilKmi, W.Sm., growing ttom Ergot 
Natonldze. 

conceptaclea being almost free on an elongated clnblike 
growUi inBtcad of being immersed in a globular head or 
ttnma. Many of the growths of the variety Jfilsoni, 



W.Sm., are hair-Uke, others are attenuated upwards from 
a thicker base and hear no perithecia. The whole growth is 
less firm than the type, and instantly reminds one of an ab- 
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normal Tariety. The Clavicept grows from the interior of 
theei^t, and burets through craciBon the Burface. Some- 
times the crack or opening is very small, and through this 
small opening tlia Clmitcepi emei^es 
and speedily produces a matted base 
of mycelium upon the surface of the 
ergot, before the club is produced. 
In some instances the base of spawn 
is so thick that the Olateiceps super- 
ficially resembles a parasite upon 
ergot rather than a true fruiting 
condition of ergot itself. Some- 
times this effused mycelium spreads 
over the ergot, and several clubs 
arise from one stratum of mycelium, 
which may have emei^ed from one 
minute hole or crack in the black 
ergot or SeUrotium. The pales of 
the grsaa fiower are shown attached 
to the ergots in Fig. 108. 

The upper part of a club is illus- 
trated at Fig. 109, enlarged twenty 
diameters, for compariBoiL with the 
normal club of davieeps purpurea, 
To]., illnstrated to the same scale 
at Fig. 101, £. It will now be 
noticed that the perithecia or con- 
ceptacles are, on the avera^ the 
same in size and character in both 
fiinp, the only difference being 
that the club is drawn up in the j,„ io9.-Upper p.rt or 
variety fFibont,'W.Sm., and its soft ciaTC«]i(]mt^rai, Tni, 
BQbstance is drawn away from the ' '"'■ wii"™', w.am. Eh- 
perithecia, which are left almost i»^»itameUr.. 
free instead of being embedded as in the typical 0. pur- 
pwea, Tul. A phenomenon of this class is one of the 
commonest in the v^table kingdom, and is especially 
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&equeut in. the infloreacences of flowering plants. The 

growth is comparable with an umbel lengthening into a 

raceme or corjmb. Such abnormal growths are especially 

common in wallflowers (0/tetranfAiu) and candytuft (IberU). 

A single conceptacle is shown, enlarged 200 diameters, 

at Fig. 110, for comparison with 

the noimal conceptacle illu6trat«d 

to the same scale at Fig. 102. 

There is a little difference in the 

form, but virtually the two 

growths are the same in both 

fungi, Tulasne has illustrated 

the normal form of C purpurea, 

Tul., precisely like our Fig; 110. 

The conceptacle is packed with 

asci or bladders containing 

sporidia. 

A single ascuB removed from a 
conceptacle, with its contained 
sporidia, is illustrated at Fig. Ill, 
A, enlarged 500 diameters; and 
a single sporidium, enlai^d to 
1000 diameters, at B, for com- 
parison with the same parts en- 
graved to the siune scale from the 
Fill. 110. — Concepttcle of normal growth in Fig. 103. A 
™'^fL-»^'w^ "^Bn^ ^'^'- ^iffewnce in size may be 
largsd wa diameten. noted ; but this ascua and 

sporidium were taken from the 
laigeat and most mature conceptacle we could find — 
others were not half the size. Aven^ specimens are 
exactly the same in size and form in both fungi. 

The ei^ts from which the variety Wilsani grew were 
from the bottom and shady aide of a half-dry Abeideenahire 
ditch. In this position they were found naturally covered 
with decaying grass. To ns the ei^ots appeared much less 
film than the ergots from rye, and in some instances they 
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were diseased and covered with a 
remarkable SaproUgnia, with dis- 
timctlj septate rajcelium, not unlike 
Fig. 24 in this work. To our mind 
every fact points to the conclusion 
that the variety WUtoni, W.Sm., 
owes its peculiar conformation to 
the wet and shady position in which 
it grows. 

We have been particular in the 
description and illustration of this 
variety, as our friends Messrs. 
Plowright and Wilson have de- 
scribed this form tmder another 
generic name in the Gardener^ 
Gkrmicle for 9th February 1884. 
It is there described and illustrated 
as a paratite of ei^t under the 
nonte of Barya aurantinca, P. and 
Wils. The authors state that they 
have been unable to make the 
sporidia reproduce ei^ot in wheat, 
rye, and Foa triwalis, L. ; but this 
fact need not cause special surprise, 
if the whole growth is regarded, as 
we regard it, as a mere monstrous 
and abnormal form ; besides, the 
experiments should have been made 
with Glyeeria /iiUani, E.Br., whence 
the ergots were derived, and not 
with wheat, rye, and Poa trwialie, 
h, Mr, Wilson originally considered 
the new variety to be a mere de- 
graded condition of Claviceps pur- 
purea, Tul., and in this original 
determination we consider he was 
correct 



'10. 111. — Ctorfajw pVT- 
purea, Tul.f var. ITilHmf, 
W.BiD. Atma entuged 
500 dlanwleiB : Sj»nili«in 
enlarged 1000 dlnmelcn. 
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Dr. M. C. Cooke, M.A., in Grevellia, voL xii., March 
1884, p. 77, has, Bince the above notes were written, 
described Barya aurantiacay P. and Wils., as a species 
under the name of Glavicepa WUsoni, Cke. He says it 
differs from all other species of Glaviceps in the elongated 
clavate capitulum and in the lax manner in which the 
conceptacles or perithecia are immersed. We do not, 
however, esteem this form to be worthy of specific rank. 

We consider also that the Glaviceps mwroc&phala, Tul., 
on reeds is not a species but a mere variety of G, pur- 
purea, Tul. One is connected with the other by a con- 
tinuous series of intermediate forms, and the typical form 
of G. purpurea, Tul., sometimes occurs on the ergots of 
reeds. If these two fungi should ultimately prove to be 
distinct, hybrids imdoubtedly occur, which probably 
arise from the spores belonging to the two different forms 
of Glaviceps lighting on a single grass flower, and there 
bursting and producing a hybrid Sphacelia, which is the 
beginning of ergot. Or if the spores of the Oidium state 
of Glaviceps purpurea, TuL, and G. microcephala, Tul., 
were blown on to the same grass flower, the watery con- 
tents of the burst spores or conidia would conjoin and 
form a hybrid Sphacelia, 
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MILDEW OP PARSNIPS. 

Peronospora nivea, XJng. 

The descriptions we have already given of Peronospora 
trifoliorum, D.By., P. exigua, W.SnL, P. Schleideniana, Ung., 
and P. parctsUica, Pers., more or less hold good with the 
present species, which is often described under the name 
of P. umbelUferarvm, Casp. Peronospora nivea, Ung. , affects 
various umbelliferous plants, but is especially formidable 
in its attacks on our garden parsnips. The fungus lives 
within the tissues of the invaded plants, and attaches 
itself to their constituent cells by minute suckers growing 
from its somewhat torulose mycelium. Like other species 
of Peronogpora it causes putrescence in the plants it attacks, 
and sets up decay in the leaves, stems, and roots. This 
is very noticeable in the root of the garden parsnip. As 
with the fungus of the potato disease, the mycelium often 
descends the stem by the interior. In the parsnip the 
large fleshy esculent tap roots become spotted and at length 
putrid in a way similar with diseased potatoes. 

The parasite is very common on the Cow parsnip, or 
hogweed, Heracleum Spondylium, L. ; the wild Angelica, 
Angelica sylvestris, L. ; and the Goutweed or Bishopweed, 
.^gopodivm Podagra/ria, L. 

The general appearance of this fungus is shown in Fig.* 
112, where a single fruiting-stem or conidiophore is en- 
larged 400 diameters. The spores or conidia, as may 
be seen, are supported on threads or spicules of extreme 
tenuity. The point of junction between the parsnip leaf 
and the fruiting branch of the Peronospora is shown at E. 
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Fio. 112.— Mildew op Parsnips. 

Peronospora nivea, Ung., enlarged 400 diameters ; conidia and zoospores, 

enlarged 1000 diameters ; oospore or resting-spore, enlaiged 

400 diameters. 
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At this point the fungus emerges through one of the 
organs of transpiration as shown in Peronospora trifoliorum, 
D.By., Fig. 1 ; P. parasUicay Fig. 29 ; and F, infestans, 
Mont, Fig. 127. A single conidium or spore is farther 
enlarged to 1000 diameters at A. As maturity is reached 
the vital material within the dull-coloured, non-lustrous, 
spores, divides or differentiates itself into several polyhedric 
portions, and each of these portions ultimately bursts out 
of the conidium as at B. Soon after emergence these HttLe 
spores become furnished with two extremely fine and 
attenuated vibrating hairs or cUia as at C ; and with these 
cilia the spores are able to propel themselves and sail about 
with some rapidity over any moist surface. These zoo- 
spores are doubtlessly carried from plant to plant by the 
wind causing damp diseased leaves to flap against each 
other. After swimming about for a short time the 
zoospores burst and produce mycelium, which in turn 
reproduces the Peronospora after entering the host plant 
by the organs of transpiration. It is remarkable that at 
a time when little or nothing was known of zoospores in 
the PeronosporecB that the Eev. M. J. Berkeley wrote in 
the English Flora, 1836, under Botrytis crustosa, Fr. (a 
synonym of Peronospora nivea, Ung.), — ^^ the spores, very 
large and decidedly filled with sporidia, as in MncorJ' 
See the description of Mucor subtUissimus, Berk., in this 
work. Oospores or resting -spores are produced within 
the tissues of the host plant ; one of these, enlarged 400 
diameters, is shown at D. 

Often associated with Peronospora nivea, Ung., especially 
in the leaves and stems of jEgopodium PodagraHa, L., a 
second fungus named Prof omyc«« macrosporusy Ung., is found. 
The name Protomyces is derived from protoSj first, and 
makes, a fungus ; macrosporus, of course, means large- 
spored. The constant occurrence of the Peronospora with 
the Protomyces is very remarkable, but until better evidence 
is forthcoming we are inclined to look upon the phenom- 
enon as a striking example of " consortism." We have 

R 
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never seen the Ptrmuapora in anatomical connectiou with 
the Protomycee, 

An illustration of Protomyeei maerogxjnu, Ung., is given 
in Fig. 113, enltu^ed 400 diameters. These bodies, 'which 
are true ooBpores or res ting-spores, have two or three mem- 
branes, and when small in size, aa at C, are hardly to be 
distinguished from the resting-spores of Perorwspora ntvea, 
TJng. When, however, they are of lai^ size (and they 
vary greatly), and furnished with a dissepiment across 
the inner or endoapore, as at B, they are unlike the usual 
resting -spores belonging to Pmvnofpora. These bodies 



IVotomyia vtaerorpom, Ung. EiJuged 400 diunelers. 

occur in the intercellular spaces within the leaves and 
stems of umbelliferous plants, often in lai^e compauies. 
They not only cause decomposed spots to appear, but tbey 
distort and distend the affected parts in a remarkable 
manner ; so much is this the case that the presence of the 
fungus within is easily detected by the knotty swelliDgs 
they set up. As the spores reach maturity they cause the 
tissues of the leaf to rot, and by this means they reach the 
ground by falling from the decayed places. They ^ionbt- 
lessly rest on and in the ground in a hybemating state 
till the following spring or summer. Mi. Berkeley sfiys 
the Protimvgcu is probably one form of fructification of Ihe 
Permwtpma. In this he agrees with Caspary ; but De Bary 
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states that the mycelium belonging to the two fungi is 
different, and that the oospores of Protomyces contain great 
numbers of very minute slightly oscillating spores, which 
escape from the expelled inner membrane as in Oysto- 
pus, conjugate in pairs like the conidia of the Smut 
fungus of com, and produce zygoaporesy from zygos, a yoke, 
— in reference, we presume, to their supposed pairing. 
The zygospores on germination are said to be capable of 
penetrating, by their germinal filaments, the epidermis of 
the plant invaded exactly after the manner of Peronospora, 
The mycelium is said also to be only capable of effectually 
growing when within the special host plants of the Proto- 
myces, In this position only are the oogonia and oospores, 
which at length bear the conjugating spores, produced. 
This habit is also the same with that of Peronospora, The 
so-called zygospores are minute transparent oscillating 
bodies without cilia ; they are about the same in size with 
(or perhaps a little smaller than) the zoospores produced 
by the conidia of Peronospora nwea, Ung., as illustrated at 
B, C, Fig. 112. True zoospores sometimes do not produce 
cilia, and it is by no means uncommon to see zoospores 
conjoined by a short band. The oospores burst and dis- 
chm^e the little conjugating zygospores in spring, again 
reminding one of the habit of Peronospora, Although we 
are inclined to esteem the oospores of Protomyces as differ- 
ent from the oospores of Peronospora nivea, Ung., yet there 
is evidently room for a different opinion. New observa- 
tions are needed. Pro£ de Bar/s paper, Beitrdge zur 
Morphologie und Physiologie der PUze, was published in 
1864. 

Peronospora niveay Ung., produces resting-spores within 
the stems and roots of the plants attacked (they occur in 
company with the oospores of the Protomyces) ; therefore 
all plants which have been attacked by these fungi should, 
as far as possible, be burned. As both the Peronospora 
and the Protomyces are peculiar to umbelliferous plants, 
parsnips should not be grown a second year in the place 
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where other umbelliferous plants have been invaded by 
mildew, as the resting-spores will be on and in the ground 
ready for attacking other umbelliferous plants on their 
germination in spring. 

The mildew of parsnips has been seen on baldmoney, 
Mev/m Atkamanticum^ Jacq.; on bumet saxifrage, Pimpi- 
nella Saocifraga, L.; P. Anisum; parsley, Petroselinwm 
sativwniy Hoffm. ; the garden and wild chervil, Anthriscus 
Gerefolium, HofPm. ; and GhcBrophfUum sylvestre, Tjinn, ; 
and hemlock, Conium macuUUum^ Linn. 

The common red -rust and black mildew of celery, 
another umbelliferous plant, is caused by Puecinia apii, 
Corda, and its Uredo, U, apiiy Wall., a fungus closely allied 
to the rusts and black mildew of com. This fungus has 
been proved to be hereditary, and its plasma capable of 
being transmitted in celery seeds. Celery is sometimes 
infested with Puecinia hemdei^ Grev., a parasite frequent 
on cow-parsnip or hogweed. The Umbelliferss are unusu- 
ally subject to attacks from fungi 



CHAPTEE XXX. 

BUNT OF WHEAT. 

Tilletia Oaries, Tul. 

Thb disease of wheat generally known as bunt is recog- 
nised in some districts as pepper - brand, smut balls, 
bladder-brand, stinking -smut, stinking-rust, and even 
smut. Its ravages are almost confined to cultivated 
wheat ; it rarely occurs on barley. A distinct species 
occurs on wheat in the United States. The scientific 
name of the fungus which causes bunt in wheat is Tilletia 
Caries, Tul. Tilletia is named after Matthieu Tillet^ who 
wrote the Dissertation sur la cause qui corrompt et qui 
noiriet les grains de hUd dans les ^is, Bordeaux, 1755, and 
a similar work published in Paris in 1755. Caries means 
rottenness or decay. The meaning of the popular name, 
bunt, is very obscure. We have the word hunter, which 
means an offensive person (woman), and the verb bunt, to 
swell ; the former may be a cognate derivative. Dr. 
Murray of Mill Hill informs us that the word bunt is 
used, for a fungus in the same way as touchwood, by 
writers of the seventeenth century. This is perhaps the 
most likely origin. The cavity or belly of a sail is called 
the bunt, and the material of the sail bunting. The 
bellying part of a seine-net is also called the bunt, which 
name may have been transferred to the blight in reference 
to its fishy smell. Bunt may be a corruption of burnt. 

In the fields it is difficult without experience to dis- 
tinguish bunted from sound wheat ; there is very little 
indeed to indicate the presence of the hidden foe ; this 
is why the disease is so dreaded by farmers. As in 
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many other fungoid ailmente the fungus appears to 
eicit« an abnormal growth of chlorophyll, and the 
spikes of affected plants are commonly greener than the 
sound ones. Even on examining the ears it sometimes 
happens that hut little seems amiss ; it is not until the 
glnmes and pales are pushed aside that the dark diseased 
seeds become Tisihle. Sometimes the hunted grains 
burst whilst still in the ear, and the escaped spores stain 
the glumes and pales a dart colour. Practised eyes 
readily detect these slight black stains. 

A bunted grain of wheat is illustrated at Fig. 114, A, 



« 



with a transverse section at B, and a longitudinal section 
at C, enlarged five diameters. Reference may be made 
to Tig. 42 for a normal grain of wheat, and to Fig. 45 
for an example of ear-cockle, all engraved to the same 
scale. The external appearance of bunted grains of wheat 
is different from healthy grains. Bunted wheat seeds are 
shorter and wider than healthy ones ; they are dwarfed 
in height and distended in width, and generally somewhat 
pointed towards the base. Instead of being pale bnff in 
colour, they are of a somewhat dark, dull green tint. 
They are frequently cracked, as shown at A, and from 
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theae cracks a black powder emerges. On euttmg affected 
seeds in two, the outer coat of the grain is found to be 
weak and brittle, and its whole inner substance a mass of 
black powder, which has replaced tlie natural inner farina- 
ceous material of the grain. On crushing bunted wheat 
between the fingers the black pnlpy powder feels soft and 
greaay, and a fcetid odour resembling decaying fish is 
dispdled ; hence the popular name, — stinking-rust. One 
of its old botanical names is Uredo fixtida, Baeui. Bunted 
grains do not occnr as isolated examples in the ear ; the 
rule is that every grain in an affected ear is hunted. 
When these bunted grains aw ground into flour tteir 



presence is made known to the miller, not only by the 
black streaks they cause in the white flour, but also by the 
disgusting odour which arises at the time of crushing. 

The black powder, when placed under the microscope 
and magni&ed 400 diameters, is seen as at Fig. 115, one 
mass of beautiful brownish spores, with a few fine mycelial 
threads, to which some of the spores will be seen still 
attached ; the supporting tfhreads are best seen in young 
examples, for as the fungus approaches maturity, the 
threads break up into dust and perish. The spores are 
spherical, or sometimes slightly oval, reticulated and 
slightly spinulose, reminding a microscopist of pollen- 
grains belonging to the Campanulacea, the colour of 
coarse beii^ different They are so small that a single 
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Fia. lis.— Bdnt or Wheat. 
Spona or Tiaaitt Carta, TuL, germln. 
Eoliirged 1000 disneten. 



grain of wheat ib large enough to contain 4,000,000 of 
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If these spores are kept in moist air or on a wet surface 
for three or four days, they will germinate, as at Fig. 116, 
A, enlarged 1000 diameters. The epispore bursts, and a 
thick septate tube is protruded. This tube, after it has 
grown to three or four times the diameter of the spore, 
forms a sort of small terminal crown, and on the minute 
papillae of this crown it bears four, eight, or ten rodlike 
sporidia, as shown at B. When these sporidia are fully 
grown, and whilst still adherent to the apex of the germ- 
tube, they coalesce, as at CC, by means of short transverse 
tubes. When these conjugated bodies drop from the 
supporting tube they germinate and produce secondary 
sporidia of a different form, as shown at DD. At times 
the supporting threads of these conidia are extremely long 
and jointed throughout ; at other times there is no sup- 
porting thread, but the conidium may grow from the end 
of a secondary spore. Sometimes the sporidia are pro- 
duced whilst the secondary spores are still attached to 
their supporting stem. A spore or conidium so growing 
is illusteated at G. The conidia, in turn, are capable of 
germination and the production of conidia of the third 
order, as at EE. Sometimes they so germinate without 
the spores, DD, falling from their attachment. When 
the secondiiry and tertiary sporidia, as at D and E, ger- 
minate, they produce a septate thread of extreme tenuity, 
as at F, and on this thread the bunt spores are at length 
borne, as illustrated in Fig. 115. Sometimes bunt 
spores do not produce, on germination, the minute crown- 
lie terminal cell, with its conjugating secondary spores ; 
but the thick germ-tube grows for a great length, branch- 
ing and rebranching, and all the time forming septa. 
The vital material is chiefly confined to the terminal end 
of each branch. When this mode of growth takes place, 
conjugating spores are never formed. 

In some instances the secondary spores become con- 
joined in two places instead of one, as illustrated by Mr. 
Berkeley, and confirmed in two instances by Dr. Oscar 
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Brefeld ; in other cases three secondary spores may become 
conjoined, and it is not uncommon to see the conjugating 
band itself burst and produce a mycelial thread. 

Under favourable conditions a few germinating second- 
ary spores will form a dense involved mass of mycelium, 
bearing a vast number of conidia of the first and second 
generation ; and under the microscope these may be seen 
in all stages of growth. When the mycelium for any 
reason ceases to grow, a crop of conidia is at once pro- 
duced. Sometimes the mycelial threads become furnished 
with an enormous number of short joints or constrictions, 
giving the threads a necklace-like appearance. Ultimately 
this chain or necklace breaks up into separate joints, and 
each joint acts as a conidium. Each conidium thus 
formed in a chain is capable of producing other necklace- 
like growths of conidia. 

An elaborate essay on bunt and smut was published in 
Paris in 1877 under the name of Ayergu SyssUmatique des 
UstilaginSes, by Alexandre Fischer de Waldheim. This 
author at one time advocated the idea of bunt and smut 
fungi living in two forms on different plants in the sup- 
posed style of com mildew on the barberry bush, because 
he failed to infect com experimentally, and because he 
had probably learned that " experience had taught the 
practical farmer " that (according to Phillipar) the barberry 
bush, a stinking plant, when in bloom, was in some places 
the cause of bunt. No experiment is, however, easier 
than the artificial and direct infection of wheat with bunt 
and smut. 

Wheat becomes affected with bunt by the spores of the 
fungus being sown with the grain. The spores do not 
germinate whilst they are dry and stored with the seed, 
but in and on the damp ground after the grain has been 
planted. The whole series of changes illustrated in Fig. 
116 takes place on and in the ground, and when the 
attenuated thread at F is produced, it readily finds its 
way, aided by its inconceivable fineness, into the tissues 
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of the young wheat plant by entering the first-fonned 
organs of transpiration in the infant plant. The spores 
themselves do not, of course, enter the stomata, and the 
germ-tubes probably do not attack the rootlets unless the 
latter are broken or injured, although it has been said 
by Le Maout and Decaisne, in their General System of 
Botany, that the spores can pierce the tissues of the 
roots. The germ-tube, when once within the infant 
plant, speedily ascends the stem. It is now by no 
means difficult to trace the course of the mycelium up 
the shaft of the affected plant, and an instance has been 
recorded by the Rev. M. J. Berkeley in vol. ii. of the 
Journal of the Boyal HorticvMural Society, 1847, where a 
streak of bunt appeared upon the outside of the stem of a 
wheat plant. Mr. Berkeley was the first to publish a 
description and illustration of germinating bunt spores, 
with the conjugating spores borne on the germ-thread. 
This was seven years bfefore the publication of L. R. 
Tulasne's memoir in the Annales dea Sciences Naturelles, 
Botanigue, series iv., vol. i., 1854. Mr. Berkeley, 
although at first inclined to look upon these conjoined 
bodies as having something to do with the reproduction of 
bunt — ^the appearances seen in some Algce indicating this to 
him — abandoned this first and correct opinion for the idea 
that the conjugated bodies were parasites of bunt. He 
described the growth as a Ftmsporvum, partly owing to 
the septate spores, under the name of F, inosculans. It is 
curious that Tulasne illustrated the conjoined spores of 
germinating bunt as non-septate, and therefore unlike a 
FtLsisporiurrif and since 1854 this view appears to have 
been generally accepted as correct ; but last year Dr. Oscar 
Brefeld, in his elaborate work, Botanische Untersuchun- 
gen ilber HefenpUze, correctly illustrate the germinating 
secondary spores as furnished with septa, sometimes three 
and sometimes four, precisely in the style of FvMsporium. 
This observation, the correctness of which we are able to 
confirm, proves the accuracy of Mr. Berkeley's observa- 
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tion in 1847. The septa are best seen in the spores 
which have germinated and borne conidia, and snch as 
have lost their vital material, as at DD, Fig. 116. For 
spores of Fvsisporium illustrated to the same scale as 
germinating bunt, see Figs. 10, 11, 92, 94, and 96 in 
this work. 

It is easy to prove that bunt in wheat is propagated by 
the spores of the fungus, for if wheat seeds are dusted with 
the spores or watered with water containing spores, every 
wheat plant will come up bunted ; whereas neighbouring 
plants, if not so treated, will come up free from disease. 

Bunt spores are said (perhaps on insuf&cient grounds) 
to be more or less injurious if mingled with flour and 
made into bread. We have frequently seen them in flour 
and bread, together with spores of Urocystis and other 
fungi. Bunt spores were, we believe, at one time sup- 
posed to be the cause of cholera, because they were found 
in cholera evacuations. Professor Hallier has erroneously 
referred cholera to the presence of Urocystis occulta, Pre., 
a fungus common in Britain on rye, as well as to bunt, as 
may be seen by his Phytopathology , and the reports of Dra. 
Cunningham and Lewis in the Lancet of 2d, 9th, and 1 6th 
January 1869. Fowls have been fed with bunted wheat 
without any bad result. 

A fungus allied to bunt, but still nearer to smut, and 
named Ustilago grandis, Tul., is said to cause headache 
and other bad symptoms amongst the men engaged in 
cutting reeds for thatching, in consequence of their inhal- 
ing the abundant spores. The same fungus is said to 
cause eruptions on the face amongst the labourers of the 
South of Europe. 

When bunt is known to be amongst seed grain it 
should be washed or steeped in some weak poisonous solu- 
tion, as the minute spores from bunted grains adhere to the 
healthy seeds. Water, salt, quicklime slacked with boiling 
water ; sulphate of copper, a quarter of a pound to a bushel 
of com, and sulphate of soda have all been recommended. 
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Sulphate of soda in solution and the seeds afterwards dried 
with dusted quicklime is said to be one of the best 
preventive solutions. The lime combines with the soda 
and forms sulphate of lime or gypsum, whilst caustic 
alkali is set free. As the spores ^re lighter than water, 
mere steeping in brine or even pure water is often effectual, 
as the spores float, and are easily washed away. It is 
probable that the presence of a few scattered greasy spores 
are quite as, if not more, damaging than the whole bunted 
grains with unbroken seed coats. Some alkaline ley 
should be added if water is used, as the oil on the surface 
of the spores combines with the alkali and forms a soapy 
substance which is fatal to effectual spore germination. 
Sufficient permanganate of potassium may be added to the 
water until it becomes rose-coloured, or one per cent of 
carbolic acid may be mixed with the water. It is not 
proper for the seed to remain long in these solutions ; 
they should be washed quickly and then allowed to dry. 
When millers see bunted grains amongst the wheat they 
generally pass it through a dresser with a strong exhaust, 
and this draws away the foetid spores. 

Bunt, TilleUa Caries, TuL, seems to be confined in this 
country to wheat, Triticum vulga/rey Vill. ; T, sativum, 
Lam. ; and barley, Hordema distichvm, L. Alex. Fischer 
de Waldheim describes no less than fourteen species of 
bunt. Some of these, as T, LoUi, Awd., and T. Uxsvis, 
Kuehn. ; the first recorded on three different species of 
LoUum, and the second on five species of Tritictm,, 
including wheat, probably occur in this country. One 
species attacks five different species of Agrostis, and several 
other bunt fungi are confined to grasses. 

A curious species of bunt named Tilletia bullata, FL, 
has recently been found in Scotland on docks, Rumex 
obtusifoliusy L. On the Continent this bunt attacks 
different species of PolygonuTru 



CHAPTER XXXI. 

SMUT OF CORN. 

UstUago carboj TnL 

Thbrb are few fungi more familiar to i^cnltarists than 
the common " smnt " of com, so common on wheats bar- 
ley, and espedallj oats. Its black colour, and its profusion 
of sooty spores produced on impoverished ears of com, 
makes it apparent to the least observant It appears 
earlier in the season than bnnt, with which it is some- 
times confounded by rustics. It is in some places called 
" bnnt ear," " black ball," " dnst brand," and " chimney 
sweeper." Its scientific name is UstUago carboy Tul. The 
generic name is derived from Ustio, a burning, and carbo, 
charcoal, in reference to the burnt and sooty appearance 
of the diseased panicle or spike. Farmers look on this 
fungus with less dread than the fungus of bunt^ perhaps 
because the last is virtually a hidden foe and may cause 
unexpected sudden and serious loss, whilst smut is always 
seen, and indeed, makes itself obtrusively apparent. In 
some districts the loose smutted panicle of oats is ignor- 
antly termed the male plant, the spores of the fungus 
being esteemed as black pollen, and so more beneficial 
than harmful. As there is no disgusting odour belonging 
to the '* smut" fungus, it does not spoil the flour to an 
equal extent with the TUletia, It is probably not 
very injurious if taken in food by animals, as fowls 
are not injured by eating smutted grain. It has, 
however, been said that the straw of com that has 
been infested with the smut fungus is distasteful to 
cattle in chaff. In bad cases as much as one -third of 
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PsnlclB of oato invaded by the fungaa of Stout, UitHago bit4o, TuL 

Nuturel aim. 
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the crop haa been destroyed hj the presence of the 
smut fanguB. 

The general appeaisnce of a panicle of oats affected 
with smut is iUastraled, natural size, at Fig. 117. In the 
field it is evident that (as with bunt) the diaease springs 
direct from the root, for it is common to see nomerouB 
stems, and eveiy one diseased, spiingii^ from one base. It 
is equally clear that the disease traverses each stem from 
the bottom upwards, as the lower spikelets of the young 



panicle are the flist to show the disease, as illuBtrated in 
Fig. 117. Nothing is more common than to see the basal 
branches of the panicle with their spikelets diseased and 
the upper part of the panicle presenting the normftl 
healthy appearance. 

Fart of a spikeiet only shghtly affected with the smut 
fungus is illostrated in Fig. 118, enlaced five diameters. 
AA are the glomes ; B, outer glnmelle, sometimes fur- 
nished with a beard or awn ; C, inner glumelle ; D, abor- 
tive flower i E, the pistil or grain. The interior of the 
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diseased graia at first presents a wbitutt viscous mass, 
whicli is produced at the expense of the tissues and juices 
of the invaded plant This viscid mass at length exhibits 
a structnre of closely packed cells filled with a homo- 
geneous mass of minute granules ; the cell walla ulti- 
mately disappear, and the wliole coatenta of the invaded 
oi^an appear as one black dusty mass of simple smooth 
spores. The disease is, however, by no means confined to 
the grain, as it attacks every part of the panicle with ita 
apitelets, including their slender stems, with equal viru- 



Fragmentof glume of cats, showing burst pnstuleg of tlie Smnt f angin, 
UslHaso cario, Tul. Enlarged 25 diameters. 

lence, till at last the glumes and other parts are left as 
transparent ragged fragments thickly coated with the 
masses of black spores, which have been produced at the 
expense of the normal tissues of the spikelet. If a fig- 
ment of an infected glume is now taken, and enlarged 
twenty-five diameters, it will be seen as at Fig. 119. 
This ahowa (horizontally) four of the fine ridges and 
three minute fuirowa, which can be almost seen with 
the unaided eye on every glume belonging to oata. 
The fungus bursts through the glumes and otjiei at 
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on both sides from within outwards, and as the spores in- 
crease in number they tear the epidermis of the invaded 
part to shreds, which shreds are, with the spores, speedily 
carried away by the wind. The pustules illustrated at 
Fig. 119 may be compared with the sori of a similar 
nature belonging to Puccinia Rubigo-vera^ D.C., Fig. 67, 
and Puccinia gramirms, Pers., Fig. 78. The spores are 
brownish-black in colour, roundish, and extremely small, 
as illustrated, enlarged 400 diameters, at Fig. 120. If the 

spores of bunt are now re- 

# m^ ^ ^# ^ @ fgj^e^ 1-0^ as illustrated to the 

^ ^ ^ same scale at Fig. 1 15, it will 

• A ^^ 0® ^1^ be seen how different they 
^ #^ J^^ %^^ are in size. The spores of 

^ JP ® A *^® smut fungus are so ex- 

® X"foo ® tremely small that it would 

Fio. 120.— Spores of the Smut fun- take nearly 25,000,000 of 

saa, Ustiiagocarbo,Tiii. Enlarged them to cover a superficial 

400 diameters. . , rnv. i 

square inch. They are also 
quite smooth, whilst the spores of the bunt fungus are 
reticulated and spinulose. Dr. Oscar Brefeld, in his work, 
Botanische Unfermchungen uher Hefenpihe Fortsetzung der 
Schimmelpilze, Part V., states that some kinds of yeast are 
nothing more than conidial or larval forms of smut 
fungi. The reproduction of smut in the yeast condition 
continues for an indefinite period, so long as the spores 
are kept upon a suitable nutrient matrix. Upon this 
nutrient matrix they always remain in the yeast, conidial, 
or larval condition. If these views are correct they indicate 
that smut fungi are only truly parasitic during the perfect 
condition of their existence, and when in the yeast condi- 
tion lead a non-parasitic life. 

In Fig. 121 the spores of UstUago carho, Tul., are shown 
in different stages of germination enlarged 1000 dia- 
meters. The extreme smallness of these spores is very 
marked when compared with the large spores of Pmynospara 
Schleideniana, Ung., Fig. 15, C; Puccinia grammis, Pers., 
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Fig. 80, and DtherB engtaved to the same ecale in this work. 
Genniiiation in water commenceB in less than twelve hours, 
) buds or conidia !ae 




with fused or conjoined cells at B. This fusion is similar 
with the conjugation seen in TilUtia. Still more advanced 
growth is shown at 5 and 6. The long germ-tubes like . 
the one illustrated at 5, conunonlj fuse with other germ- 
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tubes, and the two fused tubes will give rise to a tbird 
common conidium-bearing tube. Sometimes this tube is 
extremely long and fine, and fumiflhed with numerous 
joints throughout its entire length. The conidia, as pro- 
duced by the germ-tubes, are capable of producing other 
conidia by budding, till at last large colonies of conidia 
are produced in a yeast -like condition, free from the 
original Ustilago spore and its septate germ tube. The 
conidia, which are very unequal in size, germinate as at 7 
and 8. Germination may take place at one or both ends 
or one or both sides, and the germ-tubes may fuse with 
each other at any point of contact Sometimes the germ- 
tubes produced by the conidia are of almost inconceivable 
fineness and attenuation, but always more or less jointed 
throughout their entire length ; the contained vital ma- 
terial is generally most abundant at the growing end. 
Sometimes, when growth has quite ceased, owing to 
unfavourable conditions, it is renewed with vigour under 
changed conditions, and new colonies of yeast-like conidia 
are formed, either from old threads or old conidia. 

In the allied fungus named Ustilago antherarum^ Fr., 
the conjugation of cells is very clearly seen, and lateral 
conidia are produced, as in TiUetia, Fig. 116, D, G. This 
parasite is common on the flowers of Silene, Lychnis, etc, 
in fields and hedge sides, reducing the anthers with their 
pollen to black dust. The conjugation is also very dis- 
tinct in the spores of Ustilago Umgissima, Tul. ; common 
on Poa aquatica, L., and P. fluitans, Scop. No doubt the 
so-called conjugation of cells is potential in all species of 
Ustilago and its allied genera. 

We recently observed the germination of the spores of 
Ustilago carho, Tul., under curious and natural conditions. 
We placed a large number of spores on the top of a 
flower-pot filled with moist white sand to note whether 
the spores would be readily filtered through the mass by 
rain. They did so filter in large numbers ; but many of 
the spores germinated on the top stratum of sand, and 
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vast quantities of the transparent conidia were filtered 
through the sand on to the plate below ; and in this posi- 
tion, beneath the bottom of the flower-pot and in the plate, 
they formed colonies of yeast-like conidia, and these conidia 
germinated by producing threads, as we have illustrated 
them in Fig. 121, 7 and 8. The spores germinate very 
readily and produce yeast colonies in diluted beer and 
diluted expressed juice of horse-dung. 

The disease is doubtlessly propagated by the spores of 
the fungus being blown over the fields and absorbed by 
the earth, and by the fungus spores which adhere to the 
seed at the time of sowing. The black spores germinate 
in the ground, and there produce the secondary and 
tertiary series of transparent spores illustrated in Fig. 
121. These spores or conidia of the second and third 
order at length protrude extremely fine germinal threads, 
and these threads find their way into the earliest 
produced stomata of the infant plant. The spawn or 
mycelium then travels up the stem towards the panicle 
and attacks the lowermost spikelets first. We have 
never noticed the upper part of a panicle diseased whilst 
the lower part has been sound. It may be commonly 
noticed that every stem, from two to eight or more, on 
an invaded plant, will show the disease, whilst adjoining 
plants remain free. The evidence therefore seems com- 
plete that the infection comes from the ground and 
travels upwards. It is obvious, therefore, that smut can 
only be prevented by dressing the seed, as in the case of 
bunt, and the directions for one apply to the other. A 
remedy against smut, ^ much in favour in the north of 
England, and one which is said to never fail, is the pre- 
paration of the seed, immediately before sowing, with a 
sprinkling of stale urine, the seeds being afterwards raked 
in powdered quicklime till the seed is white. Sometimes 
the seed is prepared with vitriol or sulphate of copper 
solution, or " bluestone " dissolved in boiling water. One 
pound of ** bluestone" dissolved in five quarts of water 
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is Buj£cient for a sack of four imperial bushels. The 
wheat is soaked for ten minutes, or the ten pints of solu- 
tion may be poured over tUl all is absorbed. 

Bunt, Tilletia Caries, Tul., is almost confined to two 
species of Triticvm; but as smut invades many grasses 
found in pastures and waysides, the disease is clearly often 
nursed by the weeds. This fact points to the necessity 
for clean and careful farming. All smutted grasses, as 
well as the smutted panicles of oats, wheat, and barley, 
should be gathered in their earliest recognisable stages 
and burnt. A few common- sense hints given to the 
labouring men and boys would often save the employer 
from great losses. 

The smut fungus UstUago carho, TuL, has been met 
with on the following grasses : — Andropogon hirtusy L. ; 
Gynodon Dactylon, L. ; hair grass, Aira ccespitosa, K; 
oats, Avena sativa, L. ; yellow oat grass, A. flavescens, L.; 
downy oat grass. A, pibbescensy L.; Arrheviatherufn aven- 
a4)ewm, Beauv.; species of Melica; fescue grass, Festiuxi 
pratensisy Huds. ; Brachypodium eiliatumy P.B.; wheat, 
TriPicvm vulgare, VilL; T. turgidum, L.; barley and 
barley grasses, Hordeum distichum, L.; H. murmum, L.; 
£[. vulgare, L. ; lye, SecaU cereaU, L. ; rye grass, Loliwm 
permne, L. ; darnel grass, L, temulentum, L. ; rice, Oryza 
sativa, L. ; and no doubt other plants. The different 
species of millet or sorghum, which in the south of 
Europe and some parts of Asia are grown for bread in 
the place of the oats and barley of northern Europe, are 
sometimes badly smutted. Sorghum vulgare, P., and Setaria 
italica, Beauv., are the chief food plants affected in India, 
Arabia, Asia Minor, Spain, and Italy. 

Dr. Maxwell T. Masters, F.R.S., has recently detected 
a new British smut fungus, UstUago Kuhniana, Wolff, on 
Rvmex Acetosa, L. ; and a second new species, U, Candollet, 
TuL, has been found on Polygonum, 
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TARE OR VETCH, AND PEA MOULD. 

Peronospora vidoB, Berk. 

Like several otlier species of Peronospora described in 
tliis work, P. vicice was first detected by the Rev. M. J. 
Berkeley, and described and illustrated by him in vol. i. 
of the Journal of the Royal Horticultural Society in 1846. 

This parasite is frequent on the under surface of the 
leaves of tares or vetches and field and garden peas. 
Although allied \jo -Peronospora trifoUorwm, D.By., as illus- 
trated at Fig. 1, and P. exigua, W.Sm., Fig. 2, it is 
clearly distinct from both. Like the two plants just 
described, it grows within the foliage and causes brownish 
downy patches on the leaves and putrescence of the 
tissues. The conidiophores of the fungus grow in 
clusters, the spores are supported on long extremely 
slender spicules, and are tinted with a dull gray 
colour. Peronospora vicicej Berk., is illustrated, enlarged 
400 diameters, at Fig. 122; a single spore or conidium 
is farther enlarged to 1000 diameters at A The spores 
on germination do not burst at the apex, but the germ- 
tube is generally protruded from the side. Damp close 
weather greatly favours the extension of this fungus, gnd 
dry weather retards its growth. It unfortunately happens 
that late peas are sometimes quite destroyed by another 
fungus named Erysiphe Marti% Lk., whose growth is 
favoured by dry weather and retarded by wet. When 
both fungi are present on one crop the destruction of 
peas is complete. 

The resting- spores are brown, and at length reticulated 
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fervnorpom vida, Derk, EnlarBCd 400 diuneten 

Cooidlum, A, lOOO diuneUra ; Ooipon, B 400 diamel^n. 

by the Bhrinking of the outer coat as illustrated enlarged 
400 diametera, at B. All diseased and decaying tare and 
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pea refuse should be gathered together and burnt, for it 
is in this material that the resting-spores hibernate during 
the winter, and burst into new growth in the early spring. 
Resting-spores are not destroyed by passing through the 
stomach of an animal as food. P. vicicB, Berk., is a dis- 
tinctly early species as distinguished from P. infestans, 
Mont., the fungus of the potato disease, which is a dis- 
tinctly late one. Being early, the late crops of peas are 
seldom affected by this parasite ; they are, however, fre- 
quently destroyed by the fungus next described. 

We have seen P. vidcs. Berk., growing within the pods 
of garden peas and upon the contained seeds. 

This parasite has been detected on the bush- vetch, 
Vicia sepium, L. ; the common vetch, F". Sativa, L. ; 
slender vetch, V, tetrasperma, Moench. ; Lcdhyrus macror- 
rhizus, Wimm. ; and on many species of Pimm and Orohus, 
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PEA MILDEW. 

Erysipke Mojiii, Lk. 
The description giren. of Erysqihe graminit, D.C, the 
blight or mildew of graui, applies geaerally to Erysifhe 
Martii, Lk., of peaa, beans, Umbelliferte, etc The species 
is named in honour of Martiv^ the famoua botanist, and 
is the same with M. Pisi, Grev. 

The general appearance of the fongus, as seen upon a 
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iceptacle of EryiipXe Martii, Lk., i 
EuUrged 100 diamelen. 



leaf of the pea under the microscope, is shown, enlarged 
100 diameters, in Fig. 123. The dark body in the 
centre of the illustration is the conceptade of the ftingoa, 
with its jointed tentacle-hke appendages. The involved 
pattern in outline shows the epidermis of the leaf with ita 
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numerous stomata as at AAA. The conceptacle or peri- 
thecium is distinctly smaller in size than in E, graminis, 
D.C., as illustrated in Fig. 57, and the cells forming the 
bark of the conceptacle are larger. Each 
conceptacle contains four or eight spor- 
angia or spore cases, and each sporangium 
carries four to eight sporidia, as shown 
at Fig. 124, enlarged 500 diameters ; 
this illustration may be compared with 
Fig. 60. The conceptacles arise from a 
dense woven mass of very fine white 
mycelium, omitted in Fig. 123 in x-506> 
favour of the epidermis of the leaf with pio. 124. 

its stomata. This mycelium is woven pba Mildbw. 
all over the stomata, and so one of the Sporangitun or ascos, 
chief vital functions of the leaf, the with spores, of £ry- 

, * .' j> • J. J siphe Ma/rtii. Lk. 

transpiration of vapour, is arrested. Enlarged 600 dia- 
The fungus grows on both sides of the meters. 
leaves. 

This destructive blight of peas invariably invades the 
late varieties, and is especially virulent in dry seasons. 
In small gardens the attack of the fungus may be pre- 
vented by keeping the peas well supplied with water. 
This treatment, however, cannot be adopted in the fields, 
and watering favours the growth of the Peronospora last 
described. Sometimes late peas are so badly attacked by 
this fungus that they appear as if thickly dusted with 
powdered chalk, and on the white surface thus formed 
the innumerable black conceptacles of the Erydphe may 
be readily seen with the unaided eye. An attack of this 
fungus generally stops the growth of the invaded plants, 
and makes the production of pods impossible. The 
mycelium is provided with the minute suckers termed 
hatidoriay and these haustoria pierce the epidermis of the 
attacked plant and cause decay. We have seen this 
fungus growing with its conceptacles inside the pods of 
peas. 
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It unfortunately happens that this parasite is not con- 
fined to peas ; it sometimes grows on beans and melilot, 
plants belonging to the same family with the pea. It is, 
however, able to support itself on plants of St John's 
wort, Hypericum; some umbelliferous plants^ and the 
meadow-sweet, Spiraa Ulmariay L. It is thus capable of 
growing effectually upon plants belonging to four different 
natural orders. 

The only known preventive against attacks of this pest 
is the destruction by fire of all invaded materiaL The 
fungus is preserved in decaying refuse ; in this material 
the little brown conceptades remain intact during the 
winter, and in the following summer they bursty and each 
example discharges about fifty little living transparent 
spores, as shown in Fig. 124, ready to grow on the leaves 
of peas, weave a spider-weblike mycelium over the surface, 
and pierce the epidermis. 



CHAPTER XXXIV. 

LETTUCE MILDEW. 

Peronospora ganglioniformis, Berk. 

The putrefactive fungus of lettuces was detected by the 
Rev. M. J. Berkeley, and described and illustrated by him 
in vol. i. of the Royal HorticuLtural Societyy 1846. The 
specific named ganglioniformis refers to the resemblance of 
the frniting-thTeads of the fungus to the natural enlarge- 
ments termed ganglions in the course of a nerve. 
Tulasne thought this parasite was a mere variety of P. 
parasitica, Pers., as found on cabbages and illustrated in 
this work at Fig. 29 ; but a reference to our illustration 
of P, ganglioniformis, Berk., enlarged at Fig. 126 to 400 
diameters, as compared with P. parasitica, Pers., enlarged 
in Fig. 29 to 200 diameters, wiU show how distinct the 
two are from each other. Professor de Bary disapproved 
of Mr. Berkeley's specific name ganglioniformis, and substi- 
tuted gangliformis for it, considering the latter more 
correct, but no alteration was required. Had it been 
necessary, the word gam^liiformis, as printed by Dr. Max 
Comu, would be most correct. In both P. ga/nglioni- 
formis, Berk., and P. parasitica, Pers., the fruiting- 
stems or conidiophores and branches are flattened, and as 
these flattened stems and branches twist a little in the 
process of growth, they have a spurious appearance of 
swelling in a ganglionic manner. Each ultimate branchlet 
of P. ganglioniformis, Berk., is beautifully dilated into a 
saucer-like expansion, with a single excessively-attenuated 
spicule growing from the centre of the saucer, and with 
from three to five similar minute spicules growing round 
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Fig. 125. — Lettuce Mildew. 
Peronospora ganglioniftyi-mis, Berk. Enlarged 400 dianieteis. 
Tip of branchlet with spictdes and conidium, 1000 diameters. 

the saucer's edge. Each spicule is like one of the 
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glandular hairs of a sundew leaf, or like a snairB tentacle 
with its eye-bulb. P. parasiticaj Pers., has no saucer-like 
expansions. One of the exquisitely fine tentacle-fringed 
saucers with a spore, balanced on one tentacle, is enlarged 
to 1000 diameters at A. At the top of the spore at B, 
a small, almost invisible, papilla may be seen. This is the 
weakest point of the spore, and at the time of germina- 
tion this part dissolves away or bursts, and the contained 
material pours out as a germinal thread. The spawn 
threads of this species grow within and upon the leaf, 
and attach themselves to the constituent cells in a manner 
similar with the cabbage Peronospoar, illustrated at Fig. 29. 
In whatever part of the leaf or stem the spawn grows it 
there sets up putrescence. The mycelium within the leaf 
is thick and coarse, and much too stout for emergence 
through the organs of transpiration. To meet this diffi- 
culty the spawn becomes naturally flattened as it ap- 
proaches the stomata, and it emerges through the little 
slit on the under surface of the leaf, with a chisel edge, 
as does P. parasitica, Pers., see Fig. 30. As soon as the 
spawn thread of P. ganglioniformis, Berk., reaches the air 
it commonly branches, and, instead of a single fruiting- 
branch depending from each stoma there may usually be 
seen a small bunch of threads or conidiophores. 

This parasite causes pallid patches of decomposition to 
appear on lettuce leaves, and on the margin of these 
patches little white knots of the destructive mould may 
be readily seen with the unaided eye. In the spring the 
pest generally shows itself first on the outside leaves near 
the ground where the air is still and humid, and grows 
inwards to the heart of the lettuce, carrying decay in its 
course. In bad cases summer lettuces are quickly reduced 
to putrescent masses. In the autumn the flowers and 
seeds are chiefly damaged ; sometimes the harvest of seeds 
is totally deslioyed. Thickly sown plants are worst 
affected. The fungus lives on the lettuces all the season, 
from spring to October. 
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It frequently happens that young lettuces grown in 
frames in the spring are badly attacked, and in many 
instances wholly destroyed ; the equable warmth and 
humidity of a plant -frame is highly favourable to the 
growth of this fungus. When frame lettuces are attacked, 
a good plan for the destruction of the fungus is to give as 
much air as practicable, and if possible to leave the frames 
open for at least a part of one cold night. A short exposure 
to cold or slightly frosty air will not materially hurt the 
young lettuces, but will so cripple the vitality of the 
fungus that the lettuces, on being planted out, will often 
be found quite free from the parasite. With both lettuces 
and onions, however, it has been observed that trans- 
planted examples are often the weakest, and these weakest 
plants are worst affected by their respective mildews. 

The existence of Peronospora ganglioniformis, Berk., is 
preserved through the winter by the means of oospores or 
resting-spores. The resting-spores may sometimes be easily 
found in the old rotting stems of lettuce plants which have 
been destroyed by the fungus. They are generally most 
abundant between the spiral vessels and the external 
shells of old lettuce stema A group of the resting- 
spores, as found by the Bev. J. E. Vize, near Welshpool, 
is illustrated at Fig. 126, enlarged 400 diameters. The 
oospores grow in enormous conglomerated lustrous 
masses : so profuse is this, their natural habit of growth, 
that under the microscope the masses of oospores look 
like the shining roe of some' fish. As in the fungus of 
the potato disease, the resting-spores not uncommonly 
grow within the spiral vessels as illustrated. These 
oospores hibernate in rotting lettuce refuse during the 
winter, and germinate in the early spring. On germina- 
tion the first produced conidia perish, unless they alight 
on lettuces or other suitable plants. When garden lettuces 
are not near, the fungus is nursed by several common 
cruciferous weeds; of these the worst is said to be the 
common groundsel, Senecio vulgaris, L. The statement is 
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in test books that P. ganglioniformis, Berk., 
does not produce oospores in lettuces, or P. infeilani, 
Mont., oospores in the potato. Our experience has been 
the reverse of this, 

Perottospora gangliimifomvis, Berk., grows on various 
other living composite plants in addition to the garden 
lettuce, Lactuca saliva, L., and L. altissima, M.B. Of 
theee the different sorts of sow-thistles, aa the corn sow- 
thistle, Sonchus arvensis, L., are most often attacked ; then 



Oardwi* arvejisii, Curt.; dchoTium, Endivia, L.; the 
nipplewort, Lapiana communis, L.; groundsel, Senecio 
tru^oru, L.; and other plants, both wild and cultivated. 
Weeds act as nurses of the fungua for the garden 
lettuce. 

For the prevention of the disease it is desirable that no 
decsTing lettuces or weeds beloi^;ing to the series just 
juentioned be allowed to rot in the fields or kitchen 
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gardens where lettuces are grown ; sucli material, where 
possible, should be carefully gathered together and burnt. 
Old lettuce stumps left in the ground are especially 
dangerous, as in these decaying stumps the resting-spores 
of the mildew often exist in myriads. 



CHAPTER XXXV. 

POTATO DISEASE, I. 
Peronospora infestans, Mont. 

ITS ACTIVE STATE. 

The question is often asked, When did the potato disease 
first appear ? No one is able to answer this question. 
The fungus which causes the disease is, like the potato 
itself, of exotic origin. Peronospora infestans, Mont., 
grows on the wild potato plants of Peru. The strong 
probabilities are, that ever since the potato plant has 
existed, there has also been the putrescent fungus to prey 
upon it. The family of parasites to which the potato 
fungus belongs existed in geological times, long prior to 
the potato plant or any of its relatives. 

It is important to remember, in the consideration of 
this subject, that the potato and its immediate allies are 
not the only plants destroyed by the potato fungus, for 
vaiious members of the family to which the potato belongs 
also fall before the parasite. Of late years, in some dis- 
tricts the out-of-door cultivation of the tomato, Lycoperd- 
cvrni esculerUum, Mill., has been quite stopped by the 
ravages made upon it by the potato fungus. All the 
species of Lycopersicv/nif of which we have at least eight 
forms in our gardens, are commonly attacked by the fungus 
of the potato disease. Sometimes the pest may be seen 
growing upon the henbane, Hyoscyamm niger, L., or com- 
mon bitter-sweet, Solanvm Dulacamera, L., of our hedges ; 
at other times it may be observed upon various other species 
of Solanum, as S, demissum, Lind., and S. cardiophyllvm, 



276 DISEASES OF FIELD & GARDEN CROPS. [ch. 

Lind., or on tlie Petunias of our gardens. Sometimes the 
parasite may be seen upon an entirely different natural 
order of plants from that of the potato ; it may leave the 
Solanaceas and prey upon members of the Scrophulariacea, 
as the New Holland plant named Anthocercis viscosa, It.Br., 
or, as pointed out by Professor de Bary, the Chilian 
Schizanthus Grahami, GilL We have both these plants in 
our gardens. It is worthy of note that there is a second 
species of P&ronospora met with on Solanaceous plants, 
named Peronospora Hyoscyami, P., and peculiar, or nearly 
80, to the common henbeme, Hyoscyamus niger, L. 
Hyoscyamus is by no means common in Britain, but its 
parasite has been recorded from a single locality near 
Market Deeping. 

Circumstances might have been, and probably were, 
adverse in this country to a rapid spread of the potato 
fungus soon after the first introduction of the potato. At 
length the time arrived when circumstances changed, and 
something — ^itisimpossible to say what — greatlyaccelerated 
the growth and vigour of the ^mgus. When the potato 
and its parasite were transferred from South America to 
Northern Europe, the climatic conditions were changed, 
and the potatoes were grown in a new, artificial, and 
unnatural manner. The constitution and habit of the 
potato also became changed, — we do not say weakened, 
although this may be the case, but altered. At the time 
of the alteration or modification of the nature of the potato 
plant, the potato fungus acquired greater potency over it 
The same phenomenon has occurred with the tomato : as the 
plant has been gradually altered in habit by cultivation, 
so the habit of the assailing fungus has varied. There is 
no evidence to show that the Peronospora has altered in 
the least in the potency or non-potency of its attacks 
upon our neglected wild plants. 

The first accounts of the potato disease in Europe are 
very obscure, but as our business is less to detail the 
history of the fungus than to describe it with its effects, 
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we shall dismiss this part of the subject briefly. Mr. 
Berkeley, writing in vol. L p. 9 of the Journal of the 
Royal Horticultural Society, stated that at that time, 1846, a 
" very serious disease " had existed for more than half a 
century under the name of " Curi," which committed 
"immense rav^es" in the north. At the present time 
we know that the " Curl " was, and still is caused by the 
fungus of the potato disease, P&ronospora irifestans, Mont. 
In a communication to the French Academy, 17 th Nov- 
ember, 1845, M. Boussingault wrote, on the information 
of M. Joachim Acosta, that the malady was well known in 
rainy years at Bogota, where the Indians live almost 
entirely on potatoes. There was a disease of potatoes in 
1815, and a second noticed under the name of "Dry 
Rot " in Germany in 1830 ; if this " Dry Rot " of potatoes 
was equally moist with the " Dry Rot " of timber, it would 
exactly agree with what we know of the potato disease 
now. It must be remembered here that Fvsisporium 
Solani, Mart., often really dries up and destroys potato 
tubers. The year 1 830 was not a year of daily news- 
papers, of sharp scientific observers, and students of the 
microscope. It may therefore be reasonably concluded 
that if potatoes were sufficiently diseased with " Rot " in 
1830 to warrant a published account of the disease, they 
most probably were diseased to a less extent for several 
previous years, and probably before the year 1815 just 
mentioned. Many articles appeared in the newspapers 
and agricultural periodicals of 1833 regarding the "Rot" 
of potatoes in the northern counties of England (see 
Journal of tlie Royal Horticultural Society, vol. iii. p. 22). 
In 1840 the disease was widely spread in Germany and 
France, and in 1841 it again attracted great attention in 
Belgium. A sharp observer. Dr. Morren, at that time 
advised that the putrid stems should be immediately re- 
moved from diseased potato plants — a piece of advice which, 
under proper conditions of the growth of the potato tuber, 
might be followed with good results at the present day. 



280 DISEASES OF FIELD k GARDEN CROPS. [ch. 

traversed in every part by the spawn of the fungus. 
During warm, humid conditions of the weather the black 
decomposed spots are sometimes present for several days on 
the leaves before the fungus is seen. These blotches indi- 
cate that the putrefactive spawn of the fungus is within 
the leaves, awaiting favourable conditions for its complete 
development as a white bloom outside. The phenomena 
just mentioned are accompanied by a peculiar and very 
oflFensive odour well known to every person ' who has 
walked through a field of potatoes suffering from disease. 
The odour is caused by the putrescence set up in the 
tissues of the host plant by the contact of the mycelium of 
the potato fungus. Although the attack of disease in 
potato plants is apparently sudden, and made on 
apparently sound plants, yet all known facts point to 
the probability of the existence of the fungus in a nascent 
state during at least several weeks prior to its general 
recognition. The beUef in the extreme suddenness of 
fungoid growths is, in many instances, a mere popular 
delusion. The common field mushroom is supposed by 
rustics to grow in a single night ; but it is well known 
to careful observers that the infant mushroom exists 
just beneath the surface of the soil in a growing state for 
several weeks before it suddenly bursts through the earth 
and expands its cap or pilevs. We have ourselves seen 
fields of potatoes which were apparently undiseased one 
day, prostrate on the ground the next, and the haulms 
blown away by the wind on the third day. This apparent 
suddenness of the attack in the early autumn appears to be 
well known in America ; for Professor W. Q. Farlow of 
Harvard University writes in reference to the "Potato 
Rot." (Bulletin of the Bussey Institution^ part iv. p. 319) : 
*'At times its advent is so sudden that, within a few 
hours, the potato fields change from green to brown and 
black, and the plants which, in the morning, gave pro- 
mise of an abundant crop, before night present a mass of 
decaying vegetation, in which are involved not only the 
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leaves and stems, but also tlie tubers." The following 
interesting and instructive sentence occurs' in an excellent 
essay written by Dr. W. Peard, LL.B., on " Certain Enemies 
of our Roots," and published in the Journal of the BcUh and 
West of England Society and Sotiihem Counties Association^ 
voL iv., third series, p. 14 : — "At that time (Aug. 1846) 
we were spending some weeks at Bally shannon, and close 
to our cottage was a magnificent field of potatoes, about 
twenty acres in extent, through which we passed regularly 
every morning and evening. One day, during the last 
week in August, as we brushed through the dark>green 
foliage, earthy disagreeable odours, before unknown to us, 
rose from the plants. On the following morning the 
entire crop looked as if it had been exposed during the 
night to the action of steam. Stems and leaves were 
soft, pulpy, and blackened ; in six-and-thirty hours a few 
sickly stems and discoloured leaves were all that remained. 
The crop had ceased to exist." 

Mr. J. G. Baker, F.R.S., of Kew, is of opinion that the 
potato plant, Solanum tuberosum, L., in its present " tuber- 
bearing state is in a disorganised, unhealthy condition, a 
fitting subject for the attacks of fungi and aphides ;" and 
he quotes Mr. T. A. Knight to the effect that the formation 
of the tubers more or less deprives the potato plant of its 
requisite amount of nutriment He considers that the 
potato is grown in a necessarily unnatural way in masses 
in our fields, instead of in isolated examples as in Nature ; 
and that the fact of the almost total absence of flowers and 
fruit in many cultivated varieties shows that the plant 
is in a disorganised state. Mr. Baker, from an examina- 
tion of a large number of examples, has come to the con- 
clusion that all the garden varieties have originated from 
jS. tuberosum, L. Out of 700 or 900 species of Solanum 
it appears that only six produce tubers or potatoes at all ; 
the rest '^ maintain their hold on the world as most plants 
do, by their flowers, fruits, and seeds." 

Other observers hold an opinion at variance with the 
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one advanced by Mr. Baker, and say it is impossible to 
over-cultivate any plant ; that seedling potatoes are as 
badly affected as those grown from cut tubers ; and that 
animals and plants placed in an artificial position by man 
only need an extra amount of care corresponding with 
their new position. Race horses are said to live as long 
as cart horses, domestic as long as wild animals, and the 
delicate children of towns as long as the more roughly 
nurtured children of country villages. It is acknowledged 
that extra care is required, but it is maintained that the 
constitution is not impaired. 

In the potato disease, as in every other disease, both of 
animals and plants, it is necessary that the ailment should 
be completely understood before any serious attempt can 
be made towards the prevention or palliation of the 
attacks. We will, therefore, closely examine the stnic- 
ture and mode of growth of the potato fungus. 

For an exact examination of Peronospora infestans, 
Mont, a very minute and extremely thin and transparent 
slice must be cut from a diseased leaf at a spot where 
the white bloom caused by the presence of the fungus is 
visible underneath. A good plan is to cut a diseased 
leaf in two through a disease spot, and then with a sharp 
lancet cut an extremely thin slice off from one of the ex- 
posed cut surfaces. If the slice last cut is somewhat 
longitudinally wedge-shaped, it will often best show the 
structure of the leaf and the contained fungus at the 
thinner end of the section. Such slicing requires great 
care and experience, and the art is only acquired after 
many failures. To those, therefore, who are unequal to 
the task we advise the purchase of slides ready prepared 
by the Rev. J. E. Vize. The atom to be examined 
should be placed on a glass slide in a drop of glycerine 
(this is preferable to water, as the latter often dries too 
quickly), and then covered with a clean thin cover-glass. 

The magnification given by an ordinary lens is useless for 
the observation of the minute fungus now before us, so we 
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must at once place it under tlie higher powers of the micro- 
scope. If the slicing through a disease spot is successful, we 
shall probably see the atom when magnified 100 diameters, 
as at Fig. 127. The thickness of the lamina of the leaf 
is shown at A, B ; the under side of the leaf is represented 
at A, from which surface the fungus almost invariably 
springs. The fungus, therefore, really grows downwards. 
The true upper surface is shown at B. This reversal 
of the leaf in the illustration is merely, as in other in- 
stances in this book, to show more clearly the treelike 
branching growth of the fungus. If we confine our 
attention for the present to the section of the leaf, we 
shall note that it is made up of minute bladder-like cells, 
loosely packed together ; and that the cells at top and 
bottom, representing the lower and upper cuticle of the 
leaf, are devoid of the shading, which is meant to indicate 
the green colouring matter or chlorophyll within. An 
opening into the interior of the leaf will be seen at C ; 
this is one of the stomata or organs of transpiration, 
sometimes referred to as " breathing pores.'' The stomata 
are like the gates to a camp or to an entrenched position ; 
they are the weak points through which an enemy may 
enter, and when once these gates are passed, the whole 
interior of the plant is at the mercy of the invader. At 
D may be seen a hair built up of four transparent cells, 
the two lower being traversed by a mycelial thread of the 
potato fungus. On the upper part of this hair, attached 
to the outside at E, may be seen one of the small branches 
of the fungus ; this branch has burst and thrown out a 
mycelial thread from its side. Every fragment of the 
potato fungus is capable of growth, and of ultimately 
reproducing the parent fungus. The cells immediately 
under the true upper cuticle of the leaf at F are termed 
paUisade cells ; and their disposition in the manner 
illustrated serves to give the necessary firmness to the 
exposed upper surface of the leaf. 

If we now look within the fragment of the leaf we 
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Fra. I!T. 
5(!tJon Itrongh a frBgmcnt of a potato leaf, with the potato fonguB, Pflwio- 
spora iTifisians, Mont., growing within its Hobstance, aod eipogirkg 
throogb the e iiidermis. Bnlaiged IDO diameterB. 
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see transparent threads running between the small 
spherical leaf -cells ; these are the spawn -threads or 
myceHum of the fungus. It should be especiaUy noticed 
that wherever the spawn touches the cells it discolours 
them (as indicated by the darker shading), and causes 
putrescence by contact. If we again look at the pallisade 
cells near G, we observe that a spawn-thread has pushed 
itseK between them and between the cells of the upper 
cuticle, and is emerging into the air. If we trace the 
spawn-threads to the organ of transpiration at H, we 
notice that a thread in its passage from the body of the 
leaf has blocked up a so-called mouth. This choking 
prevents the transpiration of vapour, and hastens pu- 
trescence. Two other threads have pushed themselves 
between the leaf- cells at Q and A. When the larger of 
the emerged threads is traced upwards to K, a treelike 
growth is noticed ; and this branching form is the fruit- 
ing condition of the fungus of the potato disease called 
Peronospora infestam^ Mont. The name Peronospora has 
been explained; infestoms needs no explanation. The 
whole fungus is perfectly transparent, like colourless glass, 
and extremely fine, thin, and attenuated in all its parts. 
Some book illustrations give a very erroneous idea of the 
fungus, owing to the use of thick lines and an unnatural 
amount of dark shading. We notice as a rule that the 
fruiting-stems or conidiophores, as at K, have comparatively 
few joints or septa ; sometimes, however, old examples, as 
at L, are full of joints. If we now look at the branches 
MM, we observe that each is surmounted by a transparent 
spore, technically termed (as in other species of Perono- 
spora) a conidium as at NN; and to these bodies we 
shall more specially refer further on. It must also be 
noticed that all the branches are more or less constricted 
or jointed in a peculiar manner, as at GO ; and that each 
joint has at one time carried a conidium, the lower conidia 
having been pushed off as the branches have continued 
their growth, as at PP. Sometimes a weakly im- 
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poverislied thread, if grown in dry air, will quickly 
become strong and robust in growth if transferred to 
warm moist air, as in the thread illustrated at Q. In 
many species of Peronospora the branches which carry the 
conidia only produce one conidium, and do not continue 
growing and producing new conidia. Owing to the mode 
of spore production in the potato fungus, Professor De Baiy 
has recently suggested that the parasite should be placed 
in a new genus by itself under the name of Fhytophlhora, 
Other botanists, however, as the Rev. M. J. Berkeley 
and ourselves, would prefer reducing rather than increas- 
ing the genera of the Peronosporece ; and so include in 
Peronospora not only Phytophthora but Owlaria and even 
Bamularia. 

At Fig. 128 we have engraved a fragment of the 
potato fungus to 400 diameters, so that the parts may 
be compared with the other species of Peronospora en- 
graved to the same scale in this work. A consideiable 
difference will be observed if Fig. 2 and Fig. 16 are 
referred to. The Bpores or conidia are shown at A, 
Fig. 128, and the peculiar constrictions in the jointed 
branches are better seen. If ripe conidia are placed 
in water it will be noted that a differentiation of the 
contained protoplasm takes place, as shown at BB; and 
that the interior mass of each conidium becomes divided 
into from five to nine or more portions, each contained 
portion being famished with one or two lustrous vacuoles. 
These differentiated portions speedily emerge from the 
top of the conidium when placed on any moist surface 
as at ; and each portion now free, becomes quickly fur- 
nished with two extremely fine hairlike cilia, tails, or 
vibrating hairs, as at D. These secondary spores or 
zoospores are able to sail about in the slightest film of 
moisture. After a brief time the little motile zoospores 
or animal-like spores rest and take a globular form, as 
at E, and the vibrating hairs dissolve away or drop into 
the finest dust. After a short rest the now quiescent 
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Fio. 128. 

Fragiuent of the upper part of a conidiophore of the potato fungos, Perono- 

spora in/estanst Mont., with conidia and zoospores germinating. 

Enlarged 400 diameters. 
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zoospores burst and produce a thread of spawn, aa shown 
at F ; this germinal thread is capahle of carrying on &.e 
existence of the potato fungus. Zoospores were first dis- 
covered in the genus Cyatopui, allied by some authors with 
Peronofpora {see chapter svi,), by Prevost in 1807; and 
Mr. Berkeley described and illustrated them in the potato 
fungus, though he did not Bee the vibrating haiis, in 
1646, Journal of the Royal Horfiattwul SoeUly, vol. L pL 
4, fig. 18. SometimeH the conidium, which, when it 
bears zoospores, is really a sort of spore-case, aporai^ani, 
or zoosporangiiuu, does not differentiate within, but burets 




potato fuD^UB, Peroncapora 



and protrudes a small mass of protoplasm or vital material, 
as at Q, Fig. 128. This mass speedily elongates into a 
mycelial thread capahle (like the thread from the zoospore) 
of carrying on the life of the potato fungus. A ripe 
conidium or zoosporanginm and zoospore of the potato 
fungus are farther enlarged to 1 000 diameters at F^ 1 29, 
for comparison with other reproductive bodies illustrated 
to the same scale in this work. A considerable difference 
in the size of zoospores will be noted if Figs. 33 and 39 
are referred to. The soft papilla or bursting point of 
the zoosporangium is shown at A, Fig. 129; and 
the minat« footstalk by which the zoosporangium wss 
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originally attached to the stem of the parent fungus at 
B. It nrnst be specially noted that water or moist air 
is essential for the existence of the fungus, for nearly 
every part speedily perishes in dry air, heat, or frost. 
When the conidia burst and set free the minute zoospores, 
the latter sail over the damp surfaces of leaves, and even 
float into the organs of transpiration. A zoospore swimming 
in an intercellular space is shown at B, Fig. 127. One 
has only to imagine a large field of potatoes, with all the 
leaves moist and swaying backwards and forwards with 
the wind, to perceive that such a field, say on a warm 
misty morning or evening, would form a sort of continuous 
lake of moisture on which the zoospores could float from 
one plant to another. The conidia, with the contained 
zoospores, are also carried through the air in millions by 
the wind ; they are so lightly attached to their snp< 
porting stems and so extremely small and light, that the 
fgdntest breath of air wafts them away. Insects and 
other creatures also carry the conidia from j^ace to place. 
The flies which alight on potato plants carry of£ hundreds 
of conidia on their bodies. If a bird drops in a field of 
diseased potatoes, the fluttering of its wings will disperse 
millions of the conidia of the fungus of the potato murrain 
into the air. The same phenomenon occurs when a dog 
or other animal runs amongst diseased potato plants. 
When the conidia or zoospores burst and germinate, the 
threads which emerge are corrosive or putrefactive. To 
such an extent is this the case that the spawn is said to 
be capable of piercing or boring through the cuticle of 
the leaf from within or without, regardless of the natural 
openings or stomata, and even of piercing the bark of the 
stem or the tuber itself. 

The fungus of the potato disease generally attacks the 
leaves first, and, as the leaves produce successive crops of 
fungus growth, the disease quickly spreads to the leaf- 
stalks, from the leaf-stalks to the chief stems, and from 
the stems to the tuber. Sometimes a week or two elapses 

U 
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before the tubers are reached by the putrefactive spawn 
of the fungus, but in other instances the attack is so 
sudden and so highly destructive that the whole of the 
potato plants above ground in a large field will be 
destroyed in a day or two. The disease doubtlessly 
starts at first from a few centres only ; there it remains 
for a brief time more or less unobserved. The fungus, 
however, possesses such wonderful powers of spore pro- 
duction and rapid growth, especially when the air is 
moist and the temperature ranges from 60* to 70° Fahr., 
that in a few days one fungus growth will become ten 
thousand. This growth goes on in a constantly increas- 
ing ratio until at length the great flood of disease seems 
to almost suddenly cover the potato fields. When the 
attack is not violent it is obvious that a good plan is to 
remove all the tainted potato stems and foliage before the 
spawn reaches the tubers ; but, on the other hand, if the 
stems are removed before the tubers are ripe, injury must 
accrue to the crop, as the starch which is subsequently 
stored up in the tubers is formed in the leaves. Still, it 
is better to have a poor or partial crop than none at all 
Some cultivators advise the growing of more early ripening 
potatoes, as such varieties now commonly escape the 
murrain ; but there can be little doubt that if a change 
could be brought about in the general habit of the potato 
plant it would be followed by an exactly corresponding 
change in the habit of the parasite. Late ripening varie- 
ties are, moreover, wanted, and their cultivation cannot 
be dispensed with. 

When the fungus spawn reaches the tuber it decom- 
poses the cells and corrodes the starch. In bad cases the 
tubers are soon reduced to a mass of putrefaction. In 
mild cases the spawn of the fungus hibernates and be- 
comes perennial, as was first pointed out by the Rev. 
M. J. Berkeley in vol. L of the Journal of the Royal Hortir 
ctUtural Society for 1846. Mr. Berkeley writes (p. 26) 
in reference to the fungus growing from ripe, harvested, 
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apparently sound, but really diseased tubers : " It 
should seem certain, then, that the mycelium or elements 
of the fungus must have pre-existed in the tuber, and, 
as it uniformly springs from the decayed spots, that it 
has itself caused the decay. But here a difficulty arises 
from the great obscurity, or, as some say, the total absence 
of mycelium in an early .stage of the disease. I have 
satisfied myself, however, of its existence in some cases, 
but not uniformly." Again, at p. 28, he writes : " On 
examining the cuticular cells of a youi^ tuber, with a 
view to ascertain the changes which occur in the process 
of greening, I found evident traces of mycelium within 
them." In the same paper Mr. Berkeley refers to the 
perennial myceHimi of corn mildew. In the Outlines of 
British FungoUgy, p. 42, Mr. Berkeley writes : " Spawn 
. . . may exist for years without producing fruit . . . 
whether it runs through soil or decaying substances, or 
amongst living tissues, whether without or within their 
walls." Professor de Bary was no doubt unaware of 
these published observations when he wrote for the 
Royal AgricuUurdl Society, vol. xx. p. 265, 1876, that he 
was perhaps the first to point out the presence of perennial 
mycelium in the potato in 1863. No vegetable growth 
is more common and well known than perennial my- 
ceUum ; indeed, with very few exceptions, the spawn 
belonging to all fungi must at times be perennial. Al- 
though perennial mycelium has a far stronger hold on 
life than have simple spores or conidia, it must not be 
imagined that perennial mycelium always survives after 
an unusual amount of heat, cold, or moisture. In the 
same way as mushroom spawn often dies in the " bricks ''' 
of the nurseryman, so the perennial mycelium perishes in 
the invaded tuber of the potato. In examining diseased 
potatoes in the winter and spring it is common to find 
the mycelium dead, and if such diseased potatoes are 
planted a perfectly sound crop will be the result. In the 
Gardeners^ Chronicle for 24th January 1874, we have re- 
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corded a number of curious experiments made with diseased 
potatoes. In those experiments it is shown that not only 
will diseased tubers sometimes produce perfectly sound 
plants, but that slices of diseased tubers, inserted within 
the substance of sound ones at the time of planting, will, 
in some instances, have no ill effect, but that the roots of 
the sound plant may grow in the putrid remains of the 
diseased one and still remain untainted. If the perennial 
mycelium is aUve, the result is generally, but not invari- 
ably, different. The common mushroom spawn, as sold 
by nurserymen in " bricks," the white fungus threads we 
everywhere see when the earth is upturned, and the 
white felt so commonly noticed amongst fallen leaves, is 
perennial spawn. The spores of fungi are so extremely 
delicate that a slight variation of heat, dryness, or 
moisture often destroys them at once ; but when spores 
have once germinated and produced spawn, this spawn 
does not so readily perish, but may rest for a long time 
in a hibernating state. This is proved in the case of 
the familiar fairy-rings of our lawns and pastures, 
which sometimes are not seen for many years, as the 
subterranean spawn is awaiting suitable conditions of 
warmth and moisture to cause it to produce the perfect 
fungL 

Here we must not forget that the virus of the disease 
may exist in some form which has not yet been detected 
by our microscopes. Before the higher powers of the 
microscope were used no one suspected the presence of 
motile zoospores with vibrating cilia ; and if we could use 
still higher powers, it is not unreasonable to imagine that 
some other condition of the parasite, at present quite 
unknown to and unsuspected by us, might be brought to 
light. The fungus may exist in inconceivably fine dust- 
like particles, or in the condition of a mucous fluid. 
Because we are acquainted with a certain number of 
curious facts regarding fungi, it does not follow that we 
know alL We have long suspected that the virus of this 
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and many other fungi may exist in inconceivably small 
and perhaps Amoeboid particles. 

The resting of the mycelium in a state of hibernation 
through the winter may, perhaps, sometimes account for 
the reappearance of the disease the next season ; for it has 
been known, since Mr. Berkeley pointed it out in 1846, 
that a broken or cut surface of a diseased potato will, if 
the mycelium is alive, give rise to the potato fungus at 
any time of the year on the cut potato being exposed to 
an atmosphere suitably warm and moist. It is obvious 
that, if the potato disease is annually reproduced by dis- 
eased tubers containing perennial mycelium, the disease 
must invariably begin in the seed-tuber and ascend the 
stem ; but it is known by experience that in the vast 
majority of instances this is not the case, but that the 
disease first invades the leaves. 

Flowering plants have three familiar modes of increase. 
One is by suckers, runners, or underground stems ; these 
runners are roughly comparable with perennial mycelium. 
A second is by buds or bulbils, at times very common in 
the axils of the leaves of some lilies ; these may be com- 
pared with the conidia or bud spores of fungi; and a third 
is by the reproductive organs, or stamens and pistiL 
Beproductive organs of a like nature, as far as sex is con- 
cerned, are known in fungi, and they are potential to and 
extremely common, well marked, and easily seen in the 
genus Peronogpora, to which the potato fungus belongs. 

The organs belonging to Peronospora infestans, Mont., 
as far as we have at present described them, have been 
distinctly asexual, or without sex; no male and female 
organs answering to the stamens and pistils of flowering 
plants have yet been referred to. 

Mr. Berkeley as long ago as 1846 described and illus- 
trated, from materials furnished to him by Dr. Montague, 
what he believed to be an oogonium, — an organism which 
may be compared with an ovule or unimpregnated egg, and 
its oospore, or resting-spore condition, which is more or less 
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comparable with the impregnated ovum, or fertilised seed; 
but it unfortunately happened that from 1846 to 1875 no 
one saw the bodies again as originally described by Messrs. 
Montague and Berkeley. This failure may have arisen from 
bad searchii^ or from searching at the wrong time, or, 
as we believe, in wrong material, through imperfect know- 
ledge ; it may partly have arisen from the fact of the 
oogonia being exactly the same in size with the cells of the 
potato leaf. Whatever the reason may have been, we at 
length saw these bodies again in 1875 within the leaves 
of badly diseased potatoes sent to us from the garden of 
the Royal Horticultural Society at Chiswick. The sexual 
organs are illustrated at S, T, U, and V, Fig. 1 27. As 
we were, at the time of the discovery, familiar with Mr. 
Berkeley's writings and views, we instantly perceived, on 
looking at these growths for the first time, that we had 
before us the bodies first detected by Dr. Rayer, Chief 
Physician of the H6pital de la Charity at Paris ; described 
by Dr. Monatgne, and referred by Mr. Berkeley to Perono- 
spora infestam, Mont. 



CHAPTER XXXVI. 

POTATO DISEASE, n. 
Peronospora infestans, Mont. 

ITS PASSIVE STATE. 

Wb will now closely examine the bodies found in spent 
potatoes by Dr. Kayer, illustrated by Dr. Montague in 
1845, and described by the Rev. M. J. Berkeley in vol. 
i. of the Journal of the Royal Horticultural Society^ 1846. 
Dr. Montague termed the bodies discovered by Dr. 
Rayer in the intercellular passages of potatoes, Artotrogus 
hydnosporus. The generic name is derived from the 
Greek artos, bread ; and trogo^ eating or consuming, and 
bears reference to the power of the fungus in consuming 
the nutritious material of the tuber ; the name shows 
that Dr. Montague suspected the true nature of the fungus. 
Hydnosporus indicates that the spores resemble the fungus 
named Hydnum, which has its fruiting surface covered 
with spines or prickles ; Hydnum is from the Greek hud- 
nonj a word used, by Theophrastus to denote a truffle. 
The specific name is somewhat misleading, as it was only 
meant to refer to the mature spores, as is proved by the 
writing on Dr. Montagne*s original drawing, see page 
84 ; and the description of Mr. Berkeley's plate. Journal 
of the Royal Horticultural Society, 1846, p. 34. In 
infancy Artotrogus is smooth spored. No phenomenon 
is better known in fungi, as in Gystopus and the Gas- 
teromycetes, than a smooth oogonium or spore becoming 
warted or spinulose with age ; and Mr. Berkeley, in the 
volume above quoted, from Dr. Montague's examples, 
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figures both the smooth and echinulate form on the same 
plate. Plain and echinnlate spores are produced on the 
same plant in some SaprolegnieoB ; and Dr. Max Comn 
maintains that the SaproUgnia asterophora of De Bary is 
merely the warted form of Achlya racemoeum, Hildb. 
By the courtesy of the Rev. M. J. Berkeley, we have had an 
opportunity of carefully examining the original examples 
found by Dr. Rayer, and described by Dr. Montague ; and 
we have no hesitation in stating that they are in every way 
the same with the bodies found by us on the mycelium of 
Peronospora infestans, Mont, in 1875. It is useless tore- 
produce Dr. Montague's illustration from vol. i of the 
Journal of the Royal Horticultural Society, or to engrave 
his preparations, as they agree precisely with the illus- 
trations made from fresh specimens, and engraved in the 
following pages. Dr. Montague's examples represent 
fertilised semi-mature oospores, most of the specimens 
have a smooth external surface, but some of the more 
mature specimens are spinulose ; and for this reason Dr. 
Montague doubtlessly selected the specific name hydno- 
sporus. 

Dr. Rayer, then, was the first person who in 1844 or 
1845 detected resting -spores in the genus Peronospora; 
and the Rev. M. J. Berkeley was the first person who 
pointed out the fact of Peronospora being an oospore-beanng 
fungus. Mr. C. Edmund Broome next found the Artotrogvs 
of Peronospora parasitica, Pers.; and Mr. Berkeley again 
pointed out its true nature in the Gardener^ Chronicle for 
1854, p. 724. In 1845 Tulasne made great advances 
in our knowledge of the oospores of Pero7iospora ; and his 
observations were laid before the French Academy in 
1854, and published in Gomptes Rendus for 26th June of 
that year. In 1855 Dr. Caspary published still further 
advances in the Monthly Transactions of the Royal Academy 
of Berlin ; he there illustrates the oogonia or sporan^, as 
he terms them, of Peronospora Hepaticoe, Casp., and P. densa, 
Casp. Dr. Caspary's observations were, he says, made 
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before lie was aware of Tulasne's discoveries. Professor 
De Baiy of Strasbourg, in 1863 (Ann. des Sc. Nat, ser. 
iv., voL XX.), made still further progress in detecting the 
oospores or resting-spores of Peronospora. 

Oogonia or immature resting-spores are illustrated, 
growing from the mycelium of the potato fungus within a 
potato leaf, at S, T, U, and V, in Fig. 127. At S an 
oogonium is seen intercalated within a thread of the 
potato fungus ; at T and U the oogonia are terminal, 
eacb with a second smaller body, termed an antheridium, 
attached ; and at V another intercalated example is shown. 




Fio. 130. 
The sexual organs, or oogonia and antheridia of Peronospora infestans, 

Mont. Enlarged 400 diameters. 

These bodies belong to the Artotrogus hydnosporus of Mon- 
tagne. As the magnification of 100 diameters is insuffi- 
cient to distinctly show the nature of these oogonia, we 
have enlarged them to 400 diameters in Fig. 130. In each 
of the four examples A represents an' oogonium or cell in 
which a female reproductive body, termed an oosphere, 
is formed ; and each of the two bodies at BB is termed 
an antheridium, or cell which contains the male repro- 
ductive material. The oogonium may be roughly com 
pared with a pistil in flowering plants, and the antheridium 
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compared with the anther and its pollen. In the process 
of growth the antheridia naturally come into contact 
with the ot^nia, jnst as an oather may touch a etigma. 
When this contact takes place the antheridium projects a 
fine tube into the walls of the ot^onium till the oosphere 
within is touched and pierced. Some of the vital mate- 
rial from the antheridium then verj slowly passes through 
the tuhe, mingles with the protoplasm within the oosphere 
and fertilisation, and the 
formation of an oospore is 
the result. Just as in 
flowering plants an ovule 
becomes a seed after fertil- 
isation, so the oosphere 
' becomes an oospore or rest- 

ing-spore after the contact 
of the antheridium with 
its contents. 

An antheridium in con- 
tact with an. o<^onium is 
farther enlarged to 1000 
diameters in Fig. 131, ta 
more clearly show the beak 
or fecundating tube in the 
act of piercing the oc^oniuni 
^^ and its contained oosphere. 

.-■■'^^QCyQ By careful watching under 

the microscope, the granU' 
lar protoplasm from the 
antheridium may be seen 
to pass very gradually into 
the oosphere. The oogonium originates by the con- 
tained protoplasm in the mycelium congregating in certain 
positions, generally at the ends of, or within the mycelial 
branches, the end of the branch becomes distended with 
vital material, and a bladder is formed, which is speedily cut 
off by a septum or Joint, as at A, Fig. 131. In many in- 
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stances (but not in all) the antheridium springs from the 
same thread as the oogonium, and close to the oogonium 
itself ; here the protoplasm again forms a smaller bladder- 
like expansion, which soon becomes (as in the oogonium) 
separated from the supporting thread by a septum, as at 
B, Fig. 131. 

After fertilisation the oogonia readily fall from their 
supporting threads, just as simple spores drop from their 
supports, or as seeds drop out of seed-vessels. There is 
no further need of connection with the parent stem, so 
the resting-spores, like seeds, are set free. 

It follows from this fact, that unless the oogonia are 
sought for at the precisely right time, they will not be 
seen upon the supporting threads, which soon perish. A 
notable instance of this phenomenon occurs with the 
Peronospora of the lettuce. In this species myriads of 
oogonia are formed in dense conglomerated masses, Fig. 
126 ; but they are no sooner formed than they are cut off 
from their supporting mycelium by septa, and then the 
mycelium perishes. Nothing is more common than to 
see large numbers of oogonia and no mycelium. The 
case is similar with free seeds or seed-vessels where the 
old tender flower remains have perished. 

Every competent botanist who has sought for these 
potato oogonia since 1875 has found them. Mr. 0. B. 
Plowright found both the smooth and spiny form in the 
summer of 1876, as described and illustrated in the 
Gardener^ Chronicle for 29th July 1876. At the present 
time both oogonia and ripe oospores, not only of the 
potato fungus, but of various other species of Peronospora, 
may be purchased from the Rev. J. E. Vize. 

In 1875, when our observations were made, great 
attention was directed towards the potato disease, as it 
not only occurred with great virulence, but it appeared 
unusually early in the season. In that year the leaves 
of the potatoes were the first organs attacked, and old 
observers said that no such curled and distorted leaves had 
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been seen for many years. We were, therefore, naturally 
desirous of making a close examination of them. Some 
of the earliest examples were sent on to us, and as we 
were well acquainted with the potato fungus and its habit 
of growth, we placed a series of infected leaves — one over 
the other, like the leaves of a book — in a saucer. To keep 
the leaves constantly and naturally moist, we placed a 
very little water in the saucer, and this water just touched 
the points of the leaves. The saucer was next slightly 
tilted, so that the water might remain at one spot, and 
the leaves slowly and naturally absorb it. The saucer 
with the leaves was then placed under a bell-glass, the 
bell-glass was covered with a cloth, and the whole kept in 
a warm room. The potato leaves were then, as we thought, 
in a favourable position for the full development of the 
Peronospora, with no chance of a sudden check &om too 
much dryness or cold. At that time we had no idea 
whatever in the direction of the artificial production of 
oospores or resting -spores ; but on examining the potato 
leaves as they gradually fell into decay, we were surprised 
to see numerous examples of what we believed to be 
Artotrogvs attached to the Peronospora mycelium. At 
first the examples were few in number, but at length they 
were abundant Soon after our results were published, 
Wc. 0. Edmund Broome, M.A., F.L.S., of Batheaston, 
repeated the experiments, and obtained results precisely 
the same with ours. Ultimately Mr. Broome went over 
the ground a second time, and again obtained like results ; 
at length, many other observers repeated the experiments, 
and always with the same issue. 

A very successful plan for procuring resting- spores^ 
and one which we have not known to fail, was last year 
suggested to us by our friend Mr. A. Stephen Wilson. A 
number of leaves must be taken from potato plants invaded 
by Peronospora infestans, Mont.; these leaves must be 
slightly moistened and placed one over the other near the 
top, inside a bell-glass ; the bell-glass must then be put 



XXXVI.] POTATO DISEASE, II.— PASSIVE STATE. 801 

mouth downwards on any flat surface, and a saucer of 
water placed underneath to keep the air humid hy evapor- 
ation. The result invariably is, that the Peronospora 
mycelium within the potato leaves gives rise to an enor- 
mous number of oospores or resting-spores ; and as the 
leaves gradually decay, the decayed material swarms with 
the Artotrogua hydnosporus of Montague, — the resting 
condition of the potato fungus. 

During the early autumn of 1875 another important 
fact in regard to the potato fungus came to light. On 
making a rigid examination of every part of diseased potato 
plants for oospores, we found them in great abundance 
in the old exhausted seed tubers. In every other part of 
the potato plant the oogonia were rare ; but in the old 
sets the oogonia sometimes swarmed in myriads. The 
explanation of this fact may be that the tubers were in 
this instance planted with the perennial mycelium of the 
potato fungus in their tissues. As this mycelium on 
starting into growth could not produce conidia, being 
underground, it spent itself in the tuber by a vast pro- 
duction of oospores. There is no more certain position 
for lighting on large colonies of resting-spores than in the 
old exhausted seed tubers belonging to potato plants 
destroyed by the Peronospora, or in the old diseased and 
damaged tubers that are left in the field to rot, or are 
incorporated in dung heaps as manure. 

It is curious that at the very time when we were 
making the above observations, Dr. Sadebeck of Berlin 
found a parasite, named by him Pythium Equiseti, first 
upon Equisetum arvense, L., and afterwards (as he at first 
thought) upon living potato plants near Coblenz. 
Whether the Pythium upon the Equisetum was the same 
as the parasite upon the potatoes is uncertain, as Professor 
Sadebeck could not trander the parasite from one plant to 
the other, neither could we do so on repeating his experi- 
ments. Our impression is that the parasites are distinct. 
P. Equiseti, Sdbk., was described and illustrated by us, 
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from nature as British in tHe Gardener^ Chronicle for 20th 
May 1 876. It is extremely common in this conntry. Dr. 
Sadebeck found his second fongns in the possession of the 
living potato plant, for he wrote — (Untersuchungen iiher 
Pythium Equiseti. BeitrUge zur Bwhgie der Pfianzen, 
Breslau, 1875): — "In the first days of Jnly 1875 I saw 
at Mettemich, not far from Coblenz, a potato field which 
to all appearance was affected with the mnrrain ; a closer 
examination, however, showed that the signs of the disease 
were traceable aknost entirely to Pythium Equiseti, The 
anticipated Peronospora was not found on any of the 
plants examined ; on the contrary, the Pylhium was dis- 
covered in a great number of plants and in all parts of 
the plant&" In a criticism published in the Joumtd of 
Botany for March 1876, it was stated, in reference to this 
part of the subject, that it had " lately been attempted to 
connect this fungus {Pythiv/m Equiseti, Sdbk.) with the 
oospores of Peronospora infestans" 

In the same year Mr. James Kenny, a member of the 
Scientific Committee of the Eoyal Horticultural Society, 
was also studying a Pythium which he believed to be new, 
and which was provisionally named by him P. incerium. 
This was exhibited at the Royal Horticultural Society 
and Linnean Society, and according to the Journal of 
Botany, 1876, p. 156, Mr. Renny considered his P. 
incertvm to be the same with the oospores found by us. 
P. incertum was engraved by us in the Crardenern^ Chronicle 
for 1st July 1876, and we need hardly say is totally 
different from Artotrogus. 

Dr. Max Oomu, who at this time had our preparations 
before him, said they reminded him of P. proliferum, De 
Bary, another different fungus ; for an illustration of this 
see Ga/rdener^s Ch/ronide, Ist July 1876. He also thought 
they looked like the Myzocytium of Schenk. 

At the time when these investigations were going on. 
Professor de Bary himself was, by a commission received 
from the Royal Agricultural Society of England, making 
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obseryations upon tlie potato fungus for that Society. It 
appears that Professor de Bary also lighted on what he 
considered to be a fourth new species of Pythivm, and 
first seen by him in potatoes in 1874 and 1875. This 
fungus the professor named P. vexans, and an original 
description, with an illustration, is given in the Journal 
of the Royal Agricultural Society for 1876, vol. xii. p. 252. 
In 1881, in the Beitrage zur Morphohgie und Fhysiologie 
der Filsse, Professor de Bary has compared Artotrogus with 
two other species of Pythium, both new, and named by 
him P. micracanthum and P. megalacarUhum. He says 
the former may perhaps be Artotrogus* 

It does not specially concern us here what these six 
species of Pythiv/m are, or whether they are new or dis- 
tinct from each other or not P. proliferumy D.By., is 
probably distinct, but we can see no difference between 
P. iTicertur/iy Ry., P. Equiseti, Sdbk., and P. vexansy D.By. 
They are simply referred to here because some writers 
have at times confused the potato oogonia seen by us 
with one or other of these six organisms. 

As P. vexans, D.By., appears to us to be the same 
with P. incertum, Ry., and P. Equiseti, Sdbk., we here 
reproduce at Fig. 132 the original illustration altered to 
400 diameters for comparison with the Peronospora 
oogonia given to the same scale in Figs. 130, 134, 135, 
and 136. It will be noticed that the Pythivm is smaller 
in all its parts, and that the oogonia AAA are invariably 
non-echinidate. The mycelium is thick and septate in 
the Peronospora, and non- septate and very thin in the 
Pythium. 

The great point of difference is this: the Pythium 
oogonia will, as soon as formed, and within twenty-four 
hours germinate in water. In germination, a tube is some- 
times produced, as at B, Fig. 132. In other instances when 
the oospores of P. vexans, D.By., are kept for a few days 
so as to ensure their complete maturity, they germinate by 
ejecting a small transparent bladder, as at C ; the proto- 
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plasm from the oogonium now pours into the bladder and 
becomes quickly differentiated into six or eight little 
zoospores ; the bladder then dissolves, the zoospores swim 
away, and the short-life cycle of the Pythium is completed. 

The phenomenon of speedy germination is foreign to 
Artotrogus and the oc^onia of Peronospora infestans, Mont. 
The latter bodies do not remain transparent or germinate 
at once ; on the contrary, they hibernate for at least ten 
months, and during this long period of rest they increase 
in size, become warted or echinulate, and attidn a rich 
palish-brown colour. 

"We will now leave the potato fungus as seen in a 




Fig. 132. 
Pythium vexoTW, D.By. Enlarged 400 diameters. 

living potato leaf and take a fragment of a dead leaf, one 
that has been destroyed by the Peronospora, such as may 
be seen in fields and gardens in September, or, if preserved 
with care, such as may be kept on a garden-bed till the 
following June. A fragment of such a potato leaf is 
illustrated in Fig. 133, enlarged, like Fig. 127, to 100 
diameters. The upper surface of the leaf is shown at A, 
the lower surface with two stomata at BB, and a small 
hair belonging to the leaf is seen at C. Nearly all the 
mycelium of the potato fungus has vanished ; a fragment 
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only, in a hibematmg, septate state, is seen at D. The 
transparent oogonia of the Mimmer have now become 
brownish ripe oospores ot winter resting-spores of a larger 
size. BiiL resting-spores are shown in the illustration, — 



BaetlDa ttiroiigh eth^niBiit of old potslo leaf, with reating-sporOB or 

ODflporeff, of Peronfsp&ra infistana, Mont , f n Htb. 

EnlarBed 100 diaraoUra. 

two in the transparent leaf hair, three in the intercellular 
spaces of the leaf, and one inside a spiral vessel, in which 
position it is eitremely common to find them. 

The perfectly mature resting-Bpores are best seen in the 
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remains of old rotten tubers left iu the fields from the 
previona year, and commonly seen on the ground and 
abont doDg-heaps and hedge-sides in Uai^ and April. 
A section through a fragment of decayed tnber ie shomi, 



SeFtian thiongli (rsgm«tit ot diseased tnber at potato, with Btircti gnmule* 

and ooiporeB of Penm^spora infittana, Mont., intUu, 

Enlarged 400 diameten. 

enlai^^ 400 diameters, at Fig, 134. One lai^ oospore 
is Been in an intercellular space, another in a cell amongat 
the granules of damaged starch, and a third within the 
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coils of a spiral vessel. In colour the oospores are of a 
beautiful palish-brown tint, like brown sherry i sometime 
they are darker. The protoplasm within ia at maturity no 
longer seen as a loose, transparent, finely granular mass ; it 
has become compact and shghtly convolute, as illustrated 
— ready under favourable conditions to burst the walls of 
the oospore, and, by producing a germ-tube, reproduce, 
after nearly a year's rest, the fungus of the potato disease. 
It may be observed here how totally different this con- 
dition of the fungus ia from Pythium vexam, E.By., 
engraved to the same scale in Fig. 132. An original 
microscopic slide of P. vexans, D.By., is preserved in the 
Department of Botany, British Museum, South Kensington; 



Fio. 136. 

Oo»pore« ot larga bIzb on elides A and B in tbB Britiah Museum. 
Enlarged 400 dfametera. 

it may there be compared with true potato oospores 
furnished by the Rev. J. E. Vize and ourselves. Some- 
times oospores of the potato fungus attain large dimen- 
sions, as in Fig. 135. The right-hand example is on 
slide A, the left-hand on slide B, ia the British Museum, 
On an examination of a large number of reating-spores 
it will be found that the convolute mass of protoplasm 
within, though generally in one coil, may at times be in 
two or even three distinct portions, which on germination, 
will produce one, two, or three germ -tubes, as shown 
at A, B, C, Fig. 136, enlarged 400 diameters ; in other 
instances the interior mass becomes differentiated into zoo- 
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Bpoi«B which escape, as at DD, and speedily come to rest 
and genninat«,as at E ; the germinal threads from oospores 
and zoospores alike, when placed either on the foliage 
or tubers of potatoes and kept uniformly moist and warm, 




Ooaporeii a j-ew gU germinstlng fn sonimer. 
Balus^d 400 di 



soon give rise to the fungus of the potato disease, and 
cause discoloured patches of deconipomtion as the grawth 
proceeds. This condition of the fungus was described 
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and illustrated by us in tlie Gardeners^ Chronicle for 8tli 
July 1876. Germinating resting-spores in a more advanced 
state of growth are illustrated at F and G. On ger- 
mination, the walls of the oospore break up into many 
pieces, sometimes into fine dust. The first sign of ger- 
mination is generally shown by the walls of the oospore 
breaking into two hemispheres, or into three or more 
pieces. In some instances more than one oospore exists 
within the oogonium, and all oospores may at times pro- 
duce zoospores, as in Gystofpus, In the (xwrdeneri Chronicle 
for 8th July 1876 a full description, with numerous 
illustrations of germinating oospores, will be found. 

Our experiments were at first objected to on the ground 
that all the species of Peronospora were, it waB said, so 
sensitive to decay that they invariably perished with the 
death of the supporting plant. This statement is now 
known to be erroneous, and the resting-spores of the 
Peronosporeas are at this time always sought for, and almost 
invariably found, in material which has been more or less 
destroyed by the mycelium of the invading parasite. 
This decayed material is obviously the only material in 
which ripe oospores can be expected to occur. Every 
part of the fungus, except the oospores, generally perishes 
with the supporting plant ; the oospores or resting-spores 
are left alive upon or in the ground where potato material 
has decayed, and in this position the oospores germinate 
in June and produce the first conidia of the season. Such 
of the conidia as are blown from the ground or from 
decaying potato refuse on to potato plants, or certain allied 
plants, produce disease ; such as fall in unsuitable positions 
perish. The progress of the disease is, therefore, necessarily 
at first extremely slow: it only progresses with rapidity 
after the living potato plants are thoroughly invaded. 

We have secured potato oospores direct from the ground 
by observing water filtered through earth on which 
diseased potato material has been allowed to decay. 

The best time for seeing the reproductive organs of 
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Peronospora infestans is in August and September. A 
potato plant should be selected that has been destroyed 
or reduced to putridity by the disease. This plant should 
be taken up with a fork, and the exhausted seed tuber 
from which the plant has arisen carefully sought out. 
This seed tuber, or what is left of it, may be frequently 
found reduced to a sort of transparent jelly, and this 
jelly-like mass will in many cases be found swarming 
with the Hving oogonia and antheridia of the potato fungus. 
The fungus has attacked the leaves and proceeded down- 
wards by the stems into the seed tuber from which the 
plant originaUy arose, and there, having run its course, it 
has produced resting-spores for the invasion of the follow- 
ing year's crop of potatoes. It is much less common to 
find resting-spores in the hard new tubers even when 
discoloured by disease ; still it is quite possible to find 
them even in new potatoes. Ripe resting-spores of the 
potato fungus may be found with great ease in the spring 
and early summer, in the fragments of diseased and 
decayed potatoes picked up in the fields or about manure 
and refuse heaps by hedge side& 

A germinating resting-spore may be compared with a 
germinating seed of dodder. The dodder has enough 
nourishing material stored up within its outer integument 
to support an infant dodder plant for a short time. If 
no suitable host plant is near, the young dodder perishes. 
The first fruiting branch from a germinating resting- 
spore of the potato fungus is in an exactly similar con- 
dition, for, unless the spores or conidia are aided by the 
wind to reach a potato or some other suitable plant, the 
first-produced conidia perish at once. The resting-spores 
of the potato fungus germinate in and upon the ground 
at the precise time of the year when the potato plant is 
in the best condition for infection. Habits of this nature 
are extremely common and well known amongst paiadtic 
fungL 

We have as far as possible in this work avoided con- 
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tiToversial matter, only referring to disputed opinions 
and deductions by giving without bias the views held on 
both sides. Nothing is more damaging to the position of 
science than disrespectful and hasty criticism and anim- 
adversion. It is, however, necessary to inform our readers 
that our views, as here advanced, in reference to the 
nature of the oospores of the potato fungus and of 
Artotrogvs, have been criticised by Professor A. de Bary 
of Strasbourg, in the Journal of the Royal Agricultural 
Society of England, second series, vol. xii. p. 239, 1876. 

Professor de Bary's objections to our views were the 
following : — 

1. He disapproved of our comparison of the potato 

fungus oospores with the oospores of Protomyces; 
see our notes under Protomyces macrosporus, Ung., 
in this work. 

2. He could not accept our drawing as illustrating the 

potato fungus at all, as it presented an important 
difference, he said, from the real Peronospora in- 
festans, Mont. 

3. Our assumed " oogonia," " antheridia," and " oospores," 

he said, were ^' bladders,'' and did not belong to 
the potato fungus. 

4. The mycelium, he said, was wrong, as the threads 

bearing "oogonia" and "antheridia" were only 
shown in hcaJ, and not in anatomical relation with 
each other. 

5. He objected to the septa shown by us in the 

mycelium. 

6. He objected to the habitat we gave for the oospores, 

i,e., in decayed potato material 

7. He stated in reference to Artotrogus that there was 

no evidence of its nature as an oospore. 

8. That there was no reason for considering it as be- 

longing to the potato fungus. 

9. That the smooth form of Artotrogus was a different 

fungus from the echinulate one found with it. 
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10. That the mycelium of Artotrogus was not septate, as 

illustrated by us, but that it was like the my- 
celium of Pythium vexans, D.By., i.e., in one con- 
tinuous piece without septa. 

11. That our "bladders" were more like the oospores 

of the Peronospora of the vine or some Pythium. 

Many other minor objections were advanced. Replies 
will be found in Nature for 27th April and 25th May 1 876, 
and in various numbers of the Gardeners^ Chronicle for 
1876. A report from the pen of the Rev. M. J. 
Berkeley will be found in the Gardeners? Chronicle for 
Ist April 1876, p. 436. Our original illustrated papers 
were published in the Gardener^ Chronicle for 1 7th and 24th 
July 1875. Micro -photographs from nature, of potato 
oogonia, and antheridia were published by us in the 
Quarterly Journal of Microscopical Science for October 
1875. The first sketches made by us are at Kew, 
and the more carefully finished drawings are in the 
British Museum. A moderate, independent, and just 
resvmie of the whole subject was published by W. Peard, 
M.D., LL.B., in the Journal of the Ba/th and West of 
EngUmd Society and Southern Counties Association, voL 
viii., third series, 1877. 

For the discovery of the reproductive organs and 
oospores of Peronospora infestans, Mont, the Royal Horti- 
cultural Society of England awarded us their Knightian 
medal in gold. 

Some time prior to 1881 Professor de Bary changed 
his views in reference to the nature of Artotrogus, as in 
the latter year he agreed with us in illustrating and 
describing the organism as a true oospore, as supported 
on septate mycelium, and with an antheridium in "local" 
and not "anatomical" relation to the thread of the 
oogonium, precisely as we originally illustrated it 

The accompanying illustration. Fig. 137, enlarged 60O 
diameters, is copied from the Beitrcige zur Morpholoyie und 
Physiohgie der Pilze, 1881, and it represents, from pL 1, 
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Artotrogus from Professor de Bary*s own hand ; it shows 
the septate mycelium at AAA, the supporting thread of 
the oogonium at B, and the distinct supporting thread 
(not anatomically connected) of the antheridium at C. 
At D the antheridium has projected a fecundating tube 
through the outer wall of the oogonium to the oosphere 
within. Professor de Bary found these bodies in 
Lepidium, so they cannot be the true Artotrogus hydno- 
sporus, Mont, which is borne only on the mycelium of 
Peronospora infestans, Mont They are the second form 
of ArtotroguB, peculiar to cruciferous plants, as first 




X-4G0 



Fio. 137. 

ArtotroguSt as illastrated by Professor De Bary in 1881. 

Enlarged 400 diameters. 

detected by Mr. C. Edmund Broome, MA., F.L.S., of 
Batheaston, Bath, in 1849, and referred to Artotrogus by 
Dr. Montague. They grow upon the mycelium of 
Peronospora parasitica, Pers., and are the oospores or 
resting-spores of the putrefactive fungus of the cabbage 
tribe, as pointed out by the Rev. M. J. Berkeley in the 
Gardener^ Chronicle for 1864, p. 724. They are illus- 
trated, from nature, in this work in Figs. 31, 37, and 38. 
No agricultural subject is more difficult to approach 
than the possible curative or preventive treatment of the 
potato disease, Cure, we may say, is utterly impossible, 
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but preyention or palliation may be considered £urlj 
within reach, and this prevention can only be attained 
by skilful culture and perfect winter storage. 

Sometimes growers keep their potatoes in enormous 
underground heaps called '' pies ;" in these xxxsitions the 
tubers frequently heat and rot ; in other instances diseased 
potatoes are interbedded in dunghills, or dug into the 
ground ; in all such cases the best means have been taken 
for successfully propagating the disease. From all such 
positions many millions of conidia of the potato fungus are 
dispersed each June, whose special mission is to devastate 
potato crops. The warmth and moisture of " pies " and 
manure-heaps are the exact conditions required by resting- 
spores for their maturation. 

To prevent the annual recurrence of the potato mur- 
rain it is in the highest degree necessary to destroy the 
material which is undoubtedly swarming with myriads of 
disease germs. This destruction should be effected by 
burning, or, where burning is not practicable, deep burial 
might be resorted to. No more fatal mistake can be made 
by potato growers than leaving dead stems, leaves, and 
tubers about in their fields, especially after a potato crop 
has suffered from disease. 

When cut sets are used at planting, the cut surface 
should perhaps be allowed to heal or dry before planting, 
or, if this is not convenient, the cut surfaces might be 
quickly passed over a hot iron. It frequently happens 
when diseased sets are used that the produce grows in a 
healthy manner, with no trace of the murrain. There can 
be little doubt of the existence of perennial spawn in 
some of these examples, if not of resting-spores ; but in 
some instances it would appear that neitiier spawn or 
spores work much mischief direct from the seed tuber 
when buried. In some instances both mycelium and 
oospores must be dead. 

Any cure of the murrain in invaded potato plants is 
quite hopeless, for in this disease the substance of the 
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potato tuber is decomposed, and it is impossible to replace 
rotten tissues with sound. With the object of preventipn 
in view, hardy varieties which have not exhibited disease 
should be selected and reselected. They should be grown 
where possible in weU-drained dry soil, and mineral 
manure should be used. As darkness, heat, and humidity 
are highly favourable to the growth of the Feronoaporaf 
all potatoes should be stored in perfectly dry, airy places, 
in positions where light is not entirely excluded. Potatoes 
should never on any account be stored in heaps or in the 
damp holes in the ground termed " pies." 

During the last year or two great attention has been 
directed to the potato plant and its treatment under 
disease, chiefly by Mr. J. L. Jensen of Copenhagen, and 
Mr. C. B. Plowright, M.R.C.S., in the pages of the 
Gardener^ Ghronicle, and more lately by Mr. J. G. Baker, 
F.R.S., in the Jov/mal of the Idnnean Society, and to these 
communications it is necessary for us to advert. 

The paper by Mr. J. G. Baker, F.R.S., F.L.S., written 
at the request of Earl Cathcart, in the Journal of the 
Linnean Society (" Botany," vol. xx. p. 489), is called " A 
Review of the Tuber-bearing Species of Sokmum" Mr. 
Baker reviews the species and varieties of tuber-bearing 
Solanum geographically, beginning under ChiU with— 1. 
Solanvm tuberosum, L.; 2. S, etuberosum, Lind.; 3. S, 
Fernandeziam(,m, Phill. ; 4. <S^. Maglia, Sch. ; and 6. S, 
Gollinwm, Dun. Brazil — 1. S. Commersoni, Dun., and its 
var. S. Ohrondii, Carr. Peru, Bolivia, Ecuador, and 
Colombia — 1. ;S». tvheroswm, L. ; 2. S. immite, Dun. ; 3. 
S, Golombianvm, Dun. ; 4. S, ValenzueloB, Pal. (S, Maglia 
Sch.) Mexico — 1. <Si. verrucosum, Sch.; 2. S, suaveolens, 
K. and B. ; 3. S, stolonifervm, Sch. ; 4. ;Si. demissmn, Lind. ; 
5. S, utile, Elot ; 6. S. squamulosvm, M. and G. ; 7. S, 
cardiophyUvm, Lind.; 8. S, oxycarpum, Sch. South- West- 
ern United States — 1. S. Fendleri, A. Gray ; 2. S. Jametii, 
Terr. Of these plants Mr. Baker considers there are only 
six genuine species in a broad sense, viz. — 1. Solanvm 
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tiiberosum, L. ; 2. S. Maglia^ Sch. ; 3. S, Convmenoniy i 
Dan.; 4. S. cardiophyllvm, Lind. ; 5. ;Si. Jamesii, Torr.; , 
and 6. S* oxyca/rpum, Sch. Mr. Baker states that of all 
known species of Solanum, only six produce potatoes, 
and the remainder propagate themselves by their flowers, 
fruits, and seeds. In reference to the Mexican S. demissumy 
Lind., Dr. Lindley, in his notes on the wild potato, pub- 
lished in the Journal of the Eoyal Horticultural Sodety, 
vol. iii., 1848, says that when grown in England it was 
attacked by the disease in July, and exhibited the charac- 
teristic black blotches in a worse degree than any other 
in the garden. The runners were also affected. The 
Mexican S, cardiophyllum^ Lind., on the other hand, was 
not attacked by the disease. Dr. Lindley concluded that 
neither renewal of seed, introduction from foreign countries, 
or treatment in the earth afford any guarantee against the 
attacks of the disease. Sir Joseph Hooker has stated that 
8, Maglia^ Sch., when grown at Kew, did not yield tubers 
for the first two years. It has now been grown there for 
twenty years side by side with the common potato, 5. 
tuberomm, L., and maintains its individuality. It does 
not, however, produce berries. Both plants are natives 
of Chili ; but Mr. Baker points out the very important 
fact that whilst S, tvheromm, L., is a plant of the hiUs of 
the interior, S, Maglia, Sch., grows in the near neighbour- 
hood of the coast This is the potato found by Mr. 
Charles Darwin in the Chonos Archipelago in south lati- 
tude 44*", 45°; and Mr. Baker throws out the happy sug- 
gestion, and one which we hope will be generally adopted, 
that S. Maglia, Sch., should become popularly known as 
Darwin's potato, a plant which, as far as climate is con- 
cerned, Mr. Baker tninks without doubt is better fitted to 
succeed in England and Ireland than iSi. tuberosum, L, a 
plant belonging to a comparatively dry climate. Both S. 
MagUa and 8. Gommersoni, Dun., yield an abundant 
supply of edible potatoes. Mr. Baker suggests that these 
two species should be brought into commerce and thor- 



XXXVI.] POTATO DISEASE, II.— PASSIVE STATK 817 

oughly tested as regards their economic value, both as 
distinct types and when hybridised with the innumerable 
forms of 8. tvherosy/m, L. 

Mr. Charles Darwin described Solanvm Maglia^ Sch., 
in the 1835 octavo edition of the Voyage of ike Beagle^ p. 
288. He there writes ; — " Chonos Archipelago. — The 
wild potato grows on the islands in great abundance on 
the sandy, shelly soil near the searbeach. The tallest 
plant was 4 feet in height The tubers were generally 
small, but I found one of an oval shape 2 inches in dia- 
meter. They resembled in every respect and had the 
same smell as English potatoes ; but when boiled they 
shrunk much and were watery and insipid, without any 
bitter taste. They are undoubtedly here indigenous. 
They grow as far south, according to Mr. Low, as latitude 
50**, and are called Aquinae by the wild Indians of that 
part." We give an illustration, natural size, of the 
flowers, foHage, and tubers of Darwin's potato, Solanum 
Maglia, Sch., in Fig. 138 (frontispiece). Sir Joseph 
Hooker, in writing of this species in the Botanical Maga- 
sdne for May 1884, says the tubers were first sent by Mr. 
Alexander Caldcleugh from Chili to the Royal Horticul- 
tural Society in 1822. Mr. Calddeugh's tubers were 
cultivated in manured soil at the Eoyal Horticultural 
Gardens, where two plants yielded about 600 tubers of 
about the size of a pigeon's egg and under, which had, 
when boiled, the flavour of a common potato. Tubers of 
the same species were given to Kew in 1862 by Dr. 
Sclater, F.R.S., — these were grown in the sandy soil of 
the pleasure-grounds without manure. Experiments are 
now being carried out under the auspices of the Royal 
Agricultural Society to improve the qualities of the 
potato, especially in its power of resisting attacks of the 
potato disease, by crossing S, tuberosum, L., with its allies, 
and amongst them with S, Maglia, Sch. Sir Joseph 
Hooker says that 8. Maglia, Sch., flowers freely every 
autumn at Kew, and yields watery, scarcely edible potatoes. 



318 DISEASES OF FIELD & GARDEN CROPS, [ch. 

Mr. Baker lias not seen S. Commersoni, Dun., in a 
living state, but lie says that S. Ohrondii^ Carr., recently 
described and illustrated in the Revtie Horticole, 1883, pp. 
496-500, Figs. 99, 100, and afterwards adverted to at 
some length by the horticultural press of this country, is 
the same plant. Sir Joseph Hooker, in the Flora Antan- 
ticOj reduces it to a mere form of the common edible 
potato, S. tuberosum^ L. Tubers of this plant were lately 
brought by M. Ohrond, a French naval surgeon, from the 
island of Goritti, at the mouth of the Rio de la Plata, 
and grown at Brest by M. Blanchard, gardener-in-chief of 
the Marine Hospital, who writes as follows : — " From the 
time of its importation I have cultivated the plant, or 
rather left it to itself to grow, for it is almost impossible 
to destroy it when once it has become establish^ in a 
piece of ground. Each year, at the end of June or the 
beginning of July, I have collected the tubers ; but the 
rootstock creeps so widely that always plenty have re- 
mained in the ground to furnish stock for another year. 
It is my belief that it would be easy to improve the 
tubers by simply cultivating them. Already the culti- 
vated tubers are much better than those which I received 
from M. Ohrond. The wild tubers were scarcely bigger 
than small wkLnuts, but some of those of the cultivated 
plants have attained the size of small hen's eggs. I may 
add that the tubers are quite palatable, with a taste of 
chestnuts, but leaving in the mouth a slight flavour of 
acidity, like that of a potato that has sprouted. My 
workmen and I have tried them both boiled and baked 
in the oven ; the latter are preferable. As to the hardi- 
ness of the plant it is complete — ^at least here at Brest. 
During the winter of 1881, when the thermometer fell 
two degrees centigrade below freezing point, the tubers 
took no harm, and up to the present time the plarU has not 
been found to suffer in the least from disease J* 

Mr. Baker thinks that our present method of potato 
culture unfits the plant to resist disease by exciting the 
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plant grown in crowded positions, to a large production of 
tubers. He thinks, in agreement with suggestions often 
made by writers on horticultural subjects, that the absence 
of flowers and berries on cultivated potatoes is a proof 
that the plant is in an unnatural and disorganised con- 
dition. Mr. T. A. Ejiight has shown, in the Philosophical 
Tranmdions for 1806, p. 297, that the varieties of pota- 
toes which uniformly produce neither flowers or berries 
may be caused to produce them by preventing the growth 
of tubers and runners amongst the flbrous roota 

The writings of Mr. J. L. Jensen of Copenhagen, as 
laid before the horticultural world by Mr. C. B. Plow- 
rigbt, M.R.C.S., have chiefly had reference to what Mr. 
Jensen has termed " Protective Moulding." 

It is a common practice amongst potato growers to 
earth-up potatoes, usually by driving a plough between 
the rows. This earthing-up not only helps to support 
the potato haulms in an upright position in the rows, but 
it keeps the potato tubers from the light and consequent 
greening ; it obviously keeps the potatoes free from the 
numerous injuries they sometimes sustain from the attacks 
of wire-worms, slugs, snails^ rabbits, rats, moles, and other 
animals, and from cracking after exposure to sun, hail, rain, 
and wind. A potato when scratched, bitten, or bruised, 
and with its inner substance exposed, is much more liable 
to the attacks of fungus parasites than examples with the 
natural armour of a perfectly whole skin. We have 
shown that the mycelium of the fungus enters the potato 
plant by the organs of transpiration, and sometimes even 
pierces the epidermis or bark in its effort to reach the 
interior. It follows, then, that any injury to the leaves, 
stem, or tuber, even if the injuries are of the most micro- 
scopic proportions, must aid the parasite in its efforts to 
gain access to the inner tissues of the host The fact has 
long been accepted by a lai^e section of potato growers 
that earthing-up has also a marked tendency to keep 
potato tubers free from the murrain, even when the 
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lianlmg have been completely destroyed by the parasite. 
A prize esaay on this subject by Dr. JeSrey Lang will be 
found in the Journal of the Boy<d AgricuUwcU Society for 
1858. Dr. Lang ezpemnented to the full depth of a 
spade or fork, and doable ploughed, the potatoes being 
early earthed-up, with the result that few or none of the 
potatoes so grown were diseased. Dr. Lang mentions the 
case of " a man at Whilborough '' who on dry days, in 
order to save his potatoes, instead of digging them np, 
earthed the stalks up very high, and so effectually saved 
his crops. ''It was observed," writes Dr. Lang, "that 
no potato covered with more than 3 inches of soil was 
ever diseased," and '' I have seen scores of potatoes dug, 
but I have never seen or heard of one diseased potato 
being found 4 inches under the surface of the gronnd. 
It will be at once seen — and too much stress cannot be 
laid on the &ct — that the disease is in an exact ratio to 
the proximity of the tubers to the surface." Dr. Lang 
also experimented with tubers in the following manner : — 
Three series were planted three deep, and covered with 
two-and-a-half inches of soiL On two series diseased potato 
leaves were placed, and then supplied with water through a 
fine rose ; the third set were covered with a slate. In all 
three series the under layers of potatoes were found un- 
diseased ; all were undiseased under the slate ; whUst the 
upper layers covered with diseased potato leaves were 
found to be much affected or quite rotten. He ends the 
essay by saying, " Earthing-up repeatedly with fine earth 
is the only effectual preventive to the ravages of the 
disease." 

During the last quarter of a century the subject has 
been frequently adverted to in the horticultural and agri- 
cultural papers. In some instances a good result has been 
recorded, in others a negative one. As commonly prac- 
tised, the harvest of large tubers is said to be lessened, 
and in some quarters the extra expense, care, and labour 
has been greatly objected to. Professor W. G. Farlow, in 



XXXVI.] POTATO DISEASE, II.— PASSIVE STATE. 821 

the Bulletin of the Bussy Institution, part iv., refers to deep 
planting, which is much the same with earthing-up, and 
writes, p. 336 : — " Theoretically, it would appear to be 
an advantage to plant deep, that the tubers may have less 
chance for being infected from spores which have fallen 
from the surface. Practically this does not work well, 
but potatoes planted near the surface do best. However, 
the plan tried by some cultivators in England, with 
apparently good result, of hoeing the earth up over a 
good part of the tops as soon as the rot appears, is worthy 
a trial." 

During the last two years Mr. J. L. Jensen, a gentle- 
man of Copenhagen, has, chiefly through the mediumship 
of Mr. C. B. Plowright, of King's Lynn, again placed the 
subject of earthing-up prominently before the agricultural 
and horticultural public of this country. 

Some of Mr. Jensen's views have been opposed by Mr. 
William Carruthers, F.B.S., the Keeper of the Depart- 
ment of Botany at the British Museum ; by Mr. George 
Morray, also of the British Museum ; and by ourselves, as 
contrary to fact, and contrary not only to the experience 
of botanists, but, what is of more importance, to the ex- 
perience of practical potato-growers and dealers. Person- 
ally, we advocate, and have always advocated, careful 
earthing-up ; it agrees with the practice approved by 
many potato growers. That earthing-up is, however, not 
esteemed by aU seems shown by the fact that neither Dr. 
Lang's suggestions here, or Professor FarloVs in America, 
have been generally adopted. 

Mr. Jensen says a high aad sharp ridge of earth 
should be thrown up round the potato plants a little 
before the disease has appeared in the foliage, or at least 
at the very first appearance of it. " The usual moulding 
practised in all countries," writes Mr. Jensen, " is a flat 
moulding, by which the uppermost tubers are only 
covered by one or two inches of earth ;" but the Jensen- 
ian system requires, after a preceding flat moulding, a 

Y 
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high and sharp moulding, by which the upper surface of 
the uppermost tubers is covered with about 5 inches of 
earth. To efifect this, it is necessary- that the ridge be so 
high that the top of it is 10 inches or 12 inches above 
the surface of the adjoining furrow, whilst the ridge must 
be very broad at the bottom : this system also requires 
that the tops of the potatoes shall be moderately bent to 
one side, with a view to prevent the rain-water from run- 
ning down the stems and thus carry^g the spores outside, 
as Mr. Jensen thinks, to the tubers. By this contrivance 
more spores will fall between than upon the ridges. Mr. 
Jensen advises that the potatoes be not lifted before the 
diseased foliage has quite withered, because the tubers 
will become sprinkled with the fungus spores &om the 
leaves and stems. '^For six days,'' Mr. Jensen writes, 
^ the harvested tubers will appear to be sound, but on 
the seventh or eighth day, according to temperature, they 
will suddenly show marks of the disease. It is not even 
sufficient that the leaves are withered before the lifting ; 
they must have been so for three or four weeks, otherwise 
many spores will be found capable of germinating, and 
thus be dangerous to the tubers when the latter are taken 
out of the ground." Mr. Jensen sums up his views with 
the following general rules : — 

1. The ground must be thoroughly worked, so that the 

potatoes may be planted in friable earth, which 
affords a better means of protection than a lumpy 
soiL 

2. The potatoes should be planted (pretty early) at a 

distance between the rows of at least 28 in. or 30 
in. A greater distance is not required by the 
system, but if closer it would impede the protective 
moulding. 

3. The first moulding must be flat, so that the formed 

ridge be broad on the top and only about 4 in. 
high. This moulding may be repeated if it is 
thought advisable. 
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4. The protective moulding must be applied as soon as 

the disease-blotches make their appearance on the 
leaves of the haulm. If this has not occurred 
before wheat-harvest-time, the moulding ought to 
be executed then, without waiting for the appear- 
ance of the disease-blotches. 

5. The protective moulding is performed by throwing 

up from one side of the row of plants a high ridge 
with a broad base, and running to as sharp a point 
at the top as possible. The covering of earth 
thereby produced over the upper surface of the 
uppermost tubers must be about 6 in. to begin 
with ; later, by the settling of the earth, and by 
sliding down, it will, as a rule, preserve a thick- 
ness of about 4 in. Simultaneously with this 
moulding, the potato-tops are gently bent over 
towards the opposite side of the row, so as to give 
the top at least a half-erect position. 

6. The flat and the protective moulding, where potatoes 

are only grown on a small scale, may be done 
with a hand-hoe ; on a larger scale these opera- 
tions ought to be performed with a moulding- 
plough, the " Protector," which is constructed to 
meet the necessities of the described system. 

7. In order to prevent after-sickness, which may often 

be exceedingly great, the potatoes must not be 
lifted before about three weeks after the last 
leaves in the potato-field are withered. 

8. If the potato-tops are cut off and carried away, which, 

for the sake of the quantity and quality of the 
crop, ought not to be done before the leaves, in 
the main, are withered, the lifting may, as it 
seemS) without danger of after-sickness, take place 
about six days after such removal 
Where this method of culture can be conveniently 
practised, we think the result can be no other than bene- 
ficial. We look upon the difficult process of bending the 



824 DISEASES OF FIELD & GARDEN CROPS, [ch. 

haulm to one side as not dissimilar in its aim and resiilte 
£rom the common practice of removing it altogether. In 
both instances it reduces the yield of large tubers, and at 
the same time, as we think, has a tendency to prevent 
the mycelium of the potato fungus reaching the tubers 
by the inside of the haulm. 

Every one who has experimented with potatoes knows 
that it is possible to infect tubers with the disease from 
the spores produced on the leaves. This infection is more 
readily produced in the eyes where the skin or bark of the 
tuber is thin and delicate. Infection, however, from the 
outside of the tuber inwards, is the exception and not 
the rule. From our own experience, we believe the 
disease generally reaches the tubers by travelling down 
the interior of the stem, and that in the majority of in- 
stances the interior of the tuber is the first part affected, 
and the disease then works from the inside outwards. 

It commonly happens that potatoes are harvested in 
an apparently sound condition, but during the winter or 
early spring the stored tubers are destroyed by the fongus 
of the murrain bursting through the skin or bark from 
the inside to the outside. It is also a fact of common obser- 
vation that when a large number of apparently Bound 
potatoes are cut for seed, disease patches, either large or 
small, may be seen in the central parts of the tuber, with 
no apparent connection with the sound parts outside. At 
the b^inning of January 1884 we received a letter from 
one of the largest potato dealers in this country, com- 
plaining of a large crop of unsalable potatoes ; the tubers 
were apparently perfectly .sound outside, but full of disease 
within, A selection of the tubers was also sent on for 
our inspection, and the sharpest searching failed to detect 
any disease patches outside ; the interiors of the tubers, 
on the contrary, were full of dark-brown corroded mur^ 
rain patches. In this bad case, — and we know of very 
many similar ones, — ^it seems impossible that the disease 
could have been derived through the bark of the tuber, 
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wMcli, in every instance, was apparently perfectly intact. 
Anotlier instructive case is given in the Gardaiers^ 
Chronicle for Ist March 1884, p. 283. 

Mr. Jensen states that it may be said with full certainty 
that the disease either never reaches the tuber by growing 
through the stems, or, if it does so happen in a few single 
plants, which he says, to his knowledge, has never been 
proved, it is of so rare an occurrence as to be of no prac- 
tical consequence. 

A series of test experiments has been instituted this 
year at the garden of the Royal Horticultural Society at 
Chiswick, where Mr. Jensen's instructions will be rigidly 
adhered to. At the time of planting, when some of the 
tubers were cut for sets, it was observed that the disease 
was apparent in the interior, with no trace whatever of 
disease on the skin or bark. The bending over of the 
brittle haulm we consider a delicate operation, which is 
hardly suited for unskilled rustics ; and if the easily- 
broken stems become severed instead of bent, the process 
becomes identical with the old plan of removing the haulm 
altogether. A broken haulm is synonymous with the 
destruction of leaves, and if the leaves are lost no starch 
can be formed for subsequent storage in the tubers. The 
mere gathering of the stems together for bending over 
must be injurious to the potato plant, as it prevents the 
leaves from receiving their requisite amount of light. 

We consider the immunity from disease of earthed-up 
potatoes, with bent haulms, is less owing to the power 
possessed by the earth of filtering the fungus spores, and 
so preventing them from reaching the tuber, than to the 
effect of the earth in keeping the tubers whole and sound. 
Mr. Jensen has also devised what he terms a disinfecting 
apparatus. This has been described and illustrated by 
Mr. C. B. Plowright in the Gardeners^ Chronicle for 6th 
April 1884. According to Mr. Jensen, a temperature of 
77° F. kills both the mycelium and spores of the Perono- 
gpartty provided the heat be continued for a sufficient 
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time, and that a considerably higher temperature does 
not impair the germinating power of the potato. Mr. 
Jensen states that the exposure of tubers to a dry heat of 
100° or 105° F. for four or five hours is the best mode of 
disinfecting them. This disinfection, it appears, should 
be carried out in an oven, which has to be carefully 
watched the whole time, and it is necessary that the heat- 
ing process be continued for some hours to ensure the 
deeper parts of the tubers being raised to the requisite 
temperature. Mr. Jensen recommends for small experi- 
ments the construction of a double box capable of hold- 
ing water in its interior ; the space between the inner 
and the outer box being filled with some non-conductor 
of heat, as chaff. The inner box is filled with water at 
a temperature of 100^-120° F. Into this are placed tin 
or zinc cylinders, about five inches in diameter, containing 
the tubers to be disinfected, and in these cylinders the 
tubers are allowed to remain. By the employment of 
narrow cylinders like the above, the potatoes are more 
readily heated than is the case if wider ones are used. A 
thermometer in the water is essential to ascertain its 
temperature. It may require an addition of warm water 
once or twice, according to the heat of the surrounding 
atmosphere, and the efBlcacy of the non-conducting medium 
employed. In a later communication Mr. Plowright 
states that the tubers must, for not less than four hours, 
have a temperature not below 104° F., and if this rises 
to 115° F., no harm will be done to them, and that it is 
not safe to go beyond 130° F. 

The apparatus has, of course, been founded on the idea 
that many potatoes apparently sound at the time of plant- 
ing, yet contain living hibernating fungus mycelium, and 
that this mycelium grows with the young potato plants 
and such diseased plants act as centres from which the 
potato fungus spreads. Our observation and experience 
of growing potatoes does not lead us to look upon this as 
always the case ; and we must leave it for practical men 
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to decide whether repeated earthing- up, skilful haulm- 
bending, and disinfecting with a hot-water apparatus and 
assistants watching a thermometer, can be made a com- 
mercial success. 

Disinfection, even if effectual, merely secures a possible 
healthy start of the young potato plant, — ^it by no means 
secures the potato &om the attacks of spores in June or 
July ; these spores may come from neighbours' fields, 
where the potatoes have not been disinfected, or from 
tomatoes or other plants, and so all the labour of disin- 
fection may be lost It is obvious that, unless all the 
seed-potatoes in Britain are disinfected, little or no good 
can accrue from the use of a few sets of apparatus. Mr. 
Jensen thinks this part of the subject " cannot be con- 
sidered an unworthy object for legislation" (Gardenert^ 
Chronicle, p. 616, 10th May 1884), which we suppose 
means that farmers should be compelled by law to use a 
hot-water disinfecting apparatus before planting potatoes. 

Mr. Jensen appears to believe, judging from Mr Plow- 
right's communications, that the planting of diseased sets 
causes an early appearance of the disease, and that disin- 
fection has a tendency to make the disease late. He 
seems to conclude from this that constant disinfection 
would at last make the fungus so late in its appearance 
that the potatoes would be mature before the fungus could 
grow. We are inclined to think, however, that the fungus 
would change its nature so as to agree with the new habit 
of the potato. Parasites always modify their habits to 
suit any change of nature in their host 

We have shown that Mr. Jensen's views were more or 
less anticipated by Br. Jeffrey Lang more than a quarter 
of a century ago, and the earthing-up system has been 
advocated both here and in America. We are inclined 
to think that practical agriculturists would never have 
dropped this treatment if it had contained the elements 
of commercial success. 

Mr. Jensen's views will be found reported at length, 
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with various comments from correspondents, in the 
volumes of the Grardeneri Ghronicle for 1883 and 1884. 
Personally, we are sorry to say that we esteem many of the 
statements put forward by Mr. Jensen as contrary to fact 
We say this without disrespect to Messrs. Jensen and 
Plowright, who have certainly made a vigorous attempt 
to ward off the attacks of the potato disease ; and for this 
they deserve the hearty thanks of all practical men. 
Their communications are, however, too voluminous and 
involved for any complete reply here. Practical potato 
growers, if so inclined, must sift, weigh, and compare the 
numerous statements brought forward for themselves. 

We highly esteem Mr. Baker's suggestion regarding the 
potato termed " Darwin's Potato," Solanwm Maglia, ScL, 
and 8, Oommersoni, Dun. The evidence brought forward 
by Mr. Baker seems to indicate that S, Maglia, Sch., 
would well suit our humid climate ; and S. Gommenonij 
Dun., appears to naturally resist the Peronospora. 

In 1874 and 1875 a report was widely spread in this 
country through one of the scientific societies that Pro- 
fessor De Bary of Strasbourg had discovered an alternation 
of generations in the life cycle of the Peronospora of the 
potato murrain, — that he had found that the fungus 
passed one part of its existence on clover, just like the 
rusts and mildews of com are assumed by some to live on 
barberry bushes and borage. The scare had no effect on 
the men of science in this country ; the statement was 
received in silence, like the statements regarding the Colo- 
rado beetle. In America, however, the case was different, 
for when the report of the assumed discovery reached 
that country it was believed, and notices appeared in the 
agricultural reports published at Washington, and in 
several agricultural journals in different parts of the 
country, warning farmers — according to Professor W. G. 
Farlow in the Bulletin of the Bussy InstitvJtion, part iv. — 
that* in consequence of Professor De Bary's discoveries no 
potatoes should be planted after clover and other fodder 
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crops. Professor Farlow has stated, and no doubt cor- 
rectly, that Professor De Bary never made the statements 
attributed to him by a few of his friends in this country. 
It ought not to be difficult on well-conducted farms 
to keep the fields clear from rotting potato refuse. The 
working men and boys should be taught^ as a rule of 
the first importance, that all potato refuse should be 
scrupulously gathered together and either burnt or 
deeply buried. Stones are always gathered together on 
farms by boys and girls. When vegetable refuse is in- 
corporated with dung, this material by its warmth and 
moisture keeps the germs of nearly every known plant 
disease alive and in good condition through the winter 
for a renewed burst of vitality in the spring or early 
summer. It has been said that when potatoes are grown 
near chemical works they are frequently free from disease, 
as sulphurous acid gas or some other gaseous impurity 
proves fatal to the fungus of the murrain. 



CHAPTEE XXXVII. 

PARASITIC FUNGI AS FOUND IN A FOSSIL STATR 

It is a curious fact that representatiyes of some of our 
common parasitic fiingi are found in a silicified state in 
fossil plant stems and roots of great antiquity. Some of 
these parasites were in existence in company with the 
higher cryptogams in Palaeozoic times. Indeed it is prob- 
able that some fiiugi, not dissimilar in structure from 
fungi which are now parasitic, led in remote geolc^cal 
times a non- parasitic life upon the ground. We still 
have a Botrytis named B, terrestris, Pers., which is fre- 
quent on the naked ground. The species belonging to 
Botrytis are very similar with the species described under 
Peronospora, and they were till quite recently all grouped 
together. 

The late Mr. Charles Darwin informed us that more 
than forty years ago, Mr. Eobert Brown, then Keeper of 
the Department of Botany at the British Museum, showed 
him silicified fungus mycelium in slices of fossil wood. 

Mr. William Carruthers, F.R.S., the present Keeper of 
Botany at the British Museum, South Kensington, has 
described silicified fungus mycelium resembling that of 
a Peronospora found in the tissues of a fossil fern named 
Osmundites Dowkeriy Carr., fipom the lower Eocene strata 
of Heme Bay. The same gentleman has also detected a 
fungus in a fossil Lepidodendron from the coal measures ; 
and Mr. Butterworth, of Oldham, has also met with a 
fungus in the vascular axis of Lepidodendron. A portion 
of the latter example was drawn by us, and the drawings 
are now in the Museum of Practical Geology in Jennyn 
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Street London. Engravings from the same transparent slice 
were published by us, with a description, in the Gardefiier^ 
Chronicle for 20th October 1877. Mr. Carruthers also 
published an' extremely small engraving and a brief de- 
scription of the fungus in his printed address, read before 
the Geologists' Association in 1876. We have named 
this parasite Percmosporites anUguariuSy W.Sm. To us 
the mycelium appears to be distinctly septate, and the 
large globular oogonia or zoosporangia appear to show clear 
traces of zoospores within their walls. 

Mr. J. T. Young, F.G.S., the owner of the transparent 
slice of fossil L^Modendron, has recently replaced the 
example in our hands for a new illustration ; and our 
engraving at Fig. 139, enlarged 400 diameters, has been 
made direct from the microscope. 

Notwithstanding criticisms to a contrary effect, we have 
no hesitation in repeating, after a renewed and prolonged 
examination of the preparation, that traces of zoospores are 
distinctly visible in many of the oogonia ; there is no reason 
why they should not exist, but good reason why they 
should ; the mycelium is septate ; and the oogonia, as in 
all Peronosporece and Sa/prolegnieoe, are cut off from the sup- 
porting threads by distinct septa. The slice of Lepidoden- 
dron from which our illustration is taken has a large 
munber of free oogonia in different parts of the silicified 
tissue ; such free oogonia or zoosporangia are very com- 
monly seen in Peronospora, as in P. ganglioniformis, B. 
The zoospores in some of these free isolated examples are 
much more distinct than in the characteristic group, en- 
graved to show the oogonia only, in Fig. 139. The 
traces of zoospores, seen in Peronosporites, exactly agree in 
size with the zoospores of Peronospora infestans, Mont., 
Figs. 128 and 136. The genus Peronospora is in close 
and obvious relationship to the Sapvolegniece, one member 
of which, Saprolegnia feraan, Kutz., is the cause of the 
salmon disease. Professor de Bary has even said that 
fiacts do not exclude the possibility of the fangUB of the 
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potato djseaae being one of the SaproUgnieas (Journal of 
tU Soyal Agricultural Society, p. 249, 1876), It is some- 
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times (as when the plants are not fully developed) im- 
possible to distinguish between one genus and the other. 
Penmosporitts, therefore, has without donbt relations with 
the Saprole^iete, as correctly pointed out by Professor W. 



FiQ. 140.— SpDBAMOiiTii or A FossiL Vw/iava. 

PfoUmjicUea jrfologtnei^ W.Sm., In a slice from arootlet of H foaaU 

ZtpidodendToa. Enlarged 400 diHiuelerfl. 

C. WiUiamson, F.R.8., in the Philosophkal TrantiKtioni of 
&iB Jtoyal Society, 1881. 

"We have a second representative of fungi of enormouB 
antiquity in a transparent sUicified slice of a rootlet of 
Lepidodftidron from the coal meaBures, now in the British 
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Museuin at South Kensington. This slice exhibits 
numerous unusually large sporangia of a fungus not to 
be distinguished from Protom/yces, Very little mycehum 
can be detected ; and many of the sporangia of the fungus 
are situated in positions where the tissues of the host 
plant have apparently, but perhaps not really, decayed. 
We have illustrated one sporangium of this fungus, which 
may be named Protonvycites protogenes, W.Sm., at Fig. 
140, enlarged 400 diameters (protogenes, first produced or 
primsBval). In most of the silicified examples an outer 
or exospore, and inner or endospore are distinctly visible. 
This fungus presents some analogy with the alga 
named Chlorochytrivm Lemnoe, Cohn., which grows within 
the fronds of duckweed, the spores from the zoosporangium 




Fig. 141. 
Diagram showing developmeiit of simple fimgi by cell-diyision. 

of which conjugate or fuse in the style of the zoospores 
(or zygozoospores) of Protomyces, and so produce zygospores. 
The observer should, however, be ready to distinguish 
between mere fusing, which is very common in fungi, 
and true conjugation, which is by no means common. 

Although these two fungi have been detected in 
Palaeozoic rocks, it must not be concluded that they 
are the simplest known forms of primal fungi. In 
Peronospora and Protomyces alike, sexual organs occur; 
and the fact of a separation of sexes shows a great ad- 
vance upon a primordial form. Besides, the members 
belonging to the two genera are parasites, and doubtlessly 
lived in Palaeozoic times, as their representatives do now, 
upon the living tissues of more highly-organised plants. 
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Bat there mast have been a long antecedent time, when 
the lowest fangi were non-parasitic, and grew upon the 
moist warm ground as Botrytis terrestris^ Pers., sometimes 
does now. In those far-off times the primordial plant 
was probably a mere microscopic cell or thin sac resting 
on the moist surface of the earth, as illustrated at A, 
Fig. 141. It probably increased by division, as at B, 
and redivision, as at C ; each of the four parts soon be- 
coming distinct, as at D, and each segment speedily reach- 
ing the original size and form, as at E. Or it might have 
increased by budding, like yeast From this simple 
beginning many observers believe it probable that all 
plants have been developed. The primal cell might 
have been a fungus, an alga, or a form occupying an inter- 
mediate position between fungi and algse, as both fungi 
and algse may have originated from a primal and at pre- 
sent unknown stock 



CHAPTER XXXVni. 

CONCLUSION. 

We have now rapidly passed in review some of tiie most 
ft^miliftr forms of disease as seen in our field and garden 
crops, and not a few of our readers may possibly think 
the details as described both complicated and difficult. 
Yet on careful study it will be found that the courses of 
all diseases more or less follow one or two simple general 
plans. The details may vary and the colours may be 
changed, but the chief outlines are not essentially different 
from each other. 

It is only in the knowledge obtained after completely 
mastering the life history of each disease that any pre- 
ventive remedy against disease can be hoped for. With 
a full knowledge of the character and habit of an enemy, 
it can be fought under favourable circumstances, as in a 
bright light. Without the proper knowledge it is like 
fighting against a powerful, unknown, and merciless foe 
in the dark. 

One point that must impress every reader is the 
extreme, almost inconceivable, smallness and attenuation 
of the parts of some of the most destructive of our field 
and garden fungi. To give an idea of this smallness, we 
have in Fig. 142 engraved the foot of a common house- 
fly, with its hairs and claws, enlarged 100 diameters. At 
AA are seen six of the spores or conidia of the potato 
fongus, Peronospora infeatansy Mont. Each of these spores 
contains within itself on an average, eight other little 
spores or zoospores, illustrated as free from the investing 
spore or conidium at B, and each of these smcdler spores 
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has two inconceivably fine cilia or vibratii^ haira, by 
wliich it can propel and guide itself over any moist 
Bnriace. The large aporea of the putrefactive fungua of 
lettucea, Perona^ora Sehleideniana, Ung., are shown at C ; 
others of the putrefactive fungus of clover P. exigua, 



W.Sm., at D ; and the spores of the smut fungus of 
grain, Uttilago carho, TuL, at E. 

Every one who has walked amongst potato plants must 
have noticed the small green fly or plant-lonae, lOwpaioti- 
p&wn dtonfAt, Schrank, shown, the natural size, at B, Fig. 
143. Some of the female lice poaseBs wings, as shown. 
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but 80 small and gauzy that they may be readily over- 
looked. One of these small and incoriceivably thin 
wings is shown enlarged to 20 diameters at Fig. 143, 




X-20 



Fio. 143. 
Green fly, from potato plant, natural size, and wing with spores or conidia 
of the potato fungus, Peronospora irtjestans, Mont., at A. 
Enlarged 20 diameters. 

and on the wing at A, engraved to the same scale, are a 
number of conidia or spores of the potato fungus. Small 
as these germs are as seen on the greatly enlarged wing, 
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yet each atom under favourable circumstances encloses no 
less tlian eight other atoms, each furnished with two 
vibrating hairs, and endowed with the power of sailing 
rapidly about in any non-corrosive film of moisture. 

It need hardly be said that various insects and flies, 
both large and small, commonly eat or imbibe fungus 
spores. The spores are not only to be seen dusted over 
the wings or sticking amongst the hairs of the legs, but 
they are quite as commonly seen inside the insects as 
out : this is especially well seen in such small transparent 
inseite as plant-lice or aphides. The spores are ^rried 
about with the juices inside the bodies of the insects, and 
may not only be found in the body, but inside the limbs, 
and even within the almost invisible antennas or horns. 
The spores of various fungi not only stick to the bodies 
of insects, but they germinate upon them and produce 
mycelium outside, and sometimes, inside their bodies. 
Mr. G. B. Buckton, F.RS., in commenting upon our 
observations on this subject in his Monograph of British 
Aphides, says the facts need cause no surprise. 

Small as some of these organisms or parts of organisms 
may be, it must not be assumed that we are acquainted 
with the smallest objects of nature. On the contrary, 
every new and true observation about minute things indi- 
cates that what we already know regarding small things 
is as nothing when compared with what is not known, 
and what at present we seem to have but little prospect 
of knowing. The most perfect and powerful telescopes 
cannot resolve the more distant nebulae into stars, 
neither can the most perfect microscopes display to our 
sight numerous atoms which are believed to exist, but 
which cannot be seen. Persons possessed of strong 
vision can often see, both with the telescope and micro- 
scope, objects that are invisible to persons of ordinary 
sight It would be very rash, therefore, for any observer 
to say that certain objects or characters do not exist 
simply because that observer cannot see them. Neither 
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is it always wise to say too positively that doubtful 
characteristics are certainly present ; it is safer under 
critical circumstances to say the characters appear to be 
present or non-present. 

The cilia or vibrating hairs of the zoospores of the 
potato fungus are so excessively attenuated that, when the 
highest magnifying powers are used, and with the cilia dose 
to the object-glass, it commonly happens that both hairs 
cannot be seen at the same time : an alteration of the f ocob, 
small beyond description, is necessary to see first one, then 
the other. When a zoospore becomes quiescent and ger- 
minates, the cilia vanish. They either dissolve or break 
up into the finest dust — dust so small that no figures can 
express the minuteness of the particles. Now it is well 
known that all parts of the potato fungus are so potent 
with life that every visible atom will grow and reproduce 
the fungus. It is quite possible, then, that, just as every 
atom of a mycelial thread of this fungus will continue its 
growth to the perfect form, so every atom of a broken up 
flagellum — perfectly invisible to the eyes even when the 
highest powers of the microscope are used — may be 
capable of carrying the poison and at length reproducing 
the perfect form of the fungus in the potato plant. 

We think it would be well if all agriculturists would 
set apart a small portion of each farm or garden for ex- 
perimental purposes, each farmer taking a personal, 
practical, and scientific interest in his own special crops. 

Seeds of all sorts should be selected from the healthiest 
parents. Indiscriminate seed planting should never be 
practised. By constantly selecting seed from plants free 
from disease, hereditary disease might at length exhaust 
itself and be extinguished. We think it impossible to 
over-estimate the importance of the fact of the hereditary 
nature of disease in plants and animals. Mr. Charles 
Darwin, writing in his AnimaU and Plants under Do- 
meaticationy vol. ii. p. 7, says : " Unfortunately it matters 
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noty as far as inheritance is concerned, how injurious a 
quality or structure may be if compatible with life. No 
one can read the many treatises on hereditary disease 
and doubt this. ... A long catalogue could be given of 
all sorts of inherited malformations, and of predisposition 
to various diseases." Under "Cataract of the Eye" Mr. 
Darwin writes at p. 9 : " When cataract affects several 
members of a family in the same generation, it is often 
seen to commence at about the same age in each — e,g., in 
one family several infants or young persons may suffer 
from it, in another several persons of middle age." This 
latter observation has a direct bearing on the hereditary 
diseases of plants which notoriously appear at certain 
stages of the plant's growth. Under " The Horse " Mr. 
Darwin quotes Youatt on p. 9, who writes : " There is 
scarcely a malady to which the horse is subject which is 
not hereditary." At p. 11 : "Andrew Knight, from his 
own experience, asserts that disease is hereditary in 
plants, and this assertion is confirmed by Lindley." And 
again : " Seeing how hereditary evil qualities are, it is 
fortunate that good health, vigour, and longevity are 
equally inherited. ... As to the inheritance of vigour 
and endurance the English racehorse offers an excellent 
instance. Eclipse begot 334 and King Herod 497 
winners." 

Facts like the above should serve as key-notes, and 
strongly impress all practical agriculturists. Every 
diseased plant or seed should be mercilessly struck out 
and destroyed. No owner of herds and flocks would 
allow badly diseased animals to breed, and, in the same 
way, no agriculturist should take his seed from plants 
notoriously infected. By a constant selection of seeds 
from plants — the freest from disease — at length races 
might be obtained almost entirely free from disease. If 
it should some day be proved that disease does not exist 
in seeds, it will not be denied that certain plants inherit 
a strong tendency to become diseased. 
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Sometimes, after several healthy generations of plants, 
the progeny may revert back to disease in an analogous 
way with the many similar instances so well known 
amongst men and other animals. The disease in these 
cases is sometimes derived from some remote and perhaps 
forgotten ancestor. 

A rotation of crops is of high importance as regards 
disease, for a fungus that destroys turnips or cabbages 
will probably not injure com, and neither will injure 
clover. As a rule any given destructive fungus keeps to 
one Natural Order of plants, often to one genus, some- 
times to one speciea Any fungus capable of invading 
plants belonging to several Natural Orders is an exception 
to the rule. 

In writing these concluding words we are strongly 
impressed by the fauct of how little has really been described. 
The mere margin of each subject has been barely ap- 
proached, and the anatomy and physiology belonging to 
each disease only glanced at. The subjects discussed have 
only been presented in bare outline, and many of great im- 
portance have not been mentioned at all — as the diseases of 
beans, beet, encumbers, mint, hops, etc. A large subject 
awaits description and illustration in the nature of canker 
and the diseases of our fruit crops, our grapes, peaches, 
nectarines, apples, pears, gooseberries, strawberries, figs, 
melons, etc. Another of equal importance presents itself 
in the diseases of our timber trees, our firs, pines,- larches, 
oaks, elms, and latterly, yews. 

In closing, we advise all students of nature to think as 
well as observe, for a man may be a good observer and 
not a good thinker, and a good thinker may be but a poor 
observer. Some observers, by always applying themselves 
to the elucidation of minute things, have apparently made 
themselves mentally incapable of broad generalisation and 
the understanding of great ones. 

The greatest possible caution is necessary in making 
deductions from observed facts. So long as an observer 
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keeps to a record of facts, he is doing useful work, and 
work that cannot be questioned ; but as soon as theories, 
hypotheses, and deductions are introduced, an element of 
uncertainty creeps in. The mere superficial appearances 
presented by Nature are seldom to be depended upon. 
They are often deceptive, and exhibit a tendency to lead 
an observer in the wrong direction. We may refer as 
examples to the structure of the blue mould fungi of our 
provisions, named Eurotitm, r&pens and E, (AspergilltLs) 
glmicus, Lk. In these fungi sexual organs have been 
described and illustrated by Professor De Bary, but 
rejected as such by M. Ph. Van Tieghem (BuUetin de la 
Soci4U Botanique de France, p. 96, 1877) ; to the supposed 
sexual condition described and illustrated by Tulasne and 
De Bary under Erysiphe and Peziza; both the latter 
observations greatly need confirmation ; and to the cases 
of erroneous interpretation mentioned elsewhere in this 
volume. With a full knowledge of the deceptive super- 
ficial appearances frequently presented by natural objects, 
Mr. Charles Darwin once said that Nature "will tell 
you a direct lie if she can " (Trans, Essex Field Club, vol. 
iii. p. 67). 

It is not wise to become an unqualified believer or dis- 
believer in any hypothetical views. Our knowledge of 
Nature is at the best extremely imperfect, and the very 
little we know of her and her ways is as nothing when 
compared with what we do not know. 
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cepoBvorum, B., 21, 51 
clavus, D.G., 218 
complanatum, Tode, 20 
durum. P., 20 
echinatum, 20 
fungorum. P., 21 
meaning, 18 

sctUeliatum, A. and S., 20 
stipUatum, Ft., 21 
vorium, P., 24 

Scrofula, 198 

ScrophvlariacecB, 76, 276 

Secede cerecUe, Walld., 142, 158, 214, 
262 

Senecio vulgaris, L., 272, 273 

Septum, meaning, 13 

Serrafalcv^ secalinus, B., 142 

Setaria itaZica, Beau v., 262 

Sharpe and Co., 117 

Shepnerd's-purse, 85, 86 

Shingles, 198 

Silene, 260 

Smee, Alfred, 206 

Smooth meadow-grass, 214 

Smut of com, 254 

remedies against, 261 
of onions, 54 

Solanacece, 276 

Solanum cardU^hyllum, Lind., 275, 
315 
Collinum, Dun., 315 
Colombianum, Dun., 315 
Ckmmersoni, Dun., 315 
demissum, L., 275, 815 
Dulcamara, L., 275 
etvherosum, Lind., 315 
Fendleri, A. Gray, 315 
Femandezianum, Phill., 315 
immite. Dun., 315 
Jamesii, Torr., 315 
Maglia, Sch., 315 
Ohrondii, Carr., 315 
oxycarpum, Sch., 315 
squamvZosum, M. and G., 815 
stoloni/envm, Sch., 315 
suaveolens, K. and B., 315 
tuberostm,, L., 281,315 
utiU, Elot., 315 
VaieneuelcB, Pal., 315 
verrucosvm, Sch., 315 

Sorghum mUgare, P., 262 
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SonAui arvetuU, L., S78 
SoruSf meaning, 40 
Spermatia^ 188 

meaning, 104 
SpemuBdia eZatnu, Fr., 218 
Spermogonia, 160, 164, 165 

development of, 162, 164 
Spermogoniumf meaning, 164, 186, 

188, 194, 205 
Sphacdia, 238 

meaning, 224 

Hlructure, 225 
Spkceria, 65 

herbarumf Fen., 6 
Spircea Urinaria, L., 268 
Spore, meaning, 8 
Sporangiumt meaning, 51 
Sporidiwn, meaning, 27 
Spring nut and mildew, 135 
StUbum, 60 
St. John's wort, 268 
Strawberries, 75 
Straw blight, 69 
Strigvla Babingtonii, B., 195 
iStromo, meaning, 61 
Stuart, Duncan, 278 
Stylospore, meaning, 134 
Stylospores, 226 
Summer rust, 147 
Sutton and Sons, 117 
Symphytv/n officinale^ L., 146 

tuberonm, 141, 144, 146 



T 



Tall fksoob-grass, 215 

Tanner, Prot Henry, 231 

Tare or vetch mould, 263 

Teleutospore, meaning, 41 

Teleutospores, development of, 192 

ThecoBt meaning, 61 

Theoaphom, 184 

TMapri arvenM, L., 85 

Thuya, 57 

Tieghem, Ph. Van., 341 

TiUetia bvilata, Fl., 253 

ca/ries, Tul., 85, 54, 184, 245, 
248 

tevis, Euehn., 253 

LoZit, Awd., 253 
Tillet, Matthieu, 245 
Tomato, 275 
Tormbia. meaning, 00 

mUUarU, Tul., 65 

oii^iogUmoideSf Tul., 60, 61, 65 

<pAecocep/Ui2a, Kl., 60 
Tower mustaid, 85 
Tarinon, garden at, 171 



' Triehobans glumarvmf Uv.; 138 

Rubigo-ffera, L^v., 138 
Trijolium aipestre, L., 7 

inearfuUunif L., 7 

mediumy L., 7 
Triiieum oaninwm, Huds., 158 

rtpentf Yill., 158, 215 

mOivmn, L., 215, 253 

turgiduniy L., 262 

wlgan, VilL, 142, 158,253 262 
Truffle, 60 
Tuberdnia^ meaning, 35 

aoofries, B., 35, 54 
Tuberous comfrey, 144 
Tuckahoo, 19 
Tvlaane, 296 
Turfy hair-graas, 214 
Turnip, 85 

Turnips, dub-root in, 94^ 97, 98, 100, 
101 

putrefiustive mildew of, 80, 81, 
83,84 

smface mildew of, 75, 77, 78 
TylenehuSt morning, 109 

devcutoMXf 

HaveiuteinU, 

trUici, Bast., 105, 110, 112 

vital tenaci^ in, 112 
Typkula, 20 



UmbdliJmB, 208 
Uredo, meaning, 54 

aUiorumt D.C., 49 

apii. Wall., 244 

foetidaj Baeur, 247 

linearis, Fers., 147, 148, 149, 
150, 151 

porrit Sow., 48 

Bubigo, B.C., 138 

Rubigo-vera, D.G., 135, 186, 
187, 138 
UrocystUt 85 

cepidcBj Tar., 54 

coUhicif Tul., 54 

meaning, 54 

oocuJto, Pre., 252 

violcBy B. and Br., 54 
Uromyees aUiorwn, D.C., 43 

appendioulaiutf L6v., 7, 190 
UaUagineij 250 
UstHago arUherarwn, Fr., 260 

CandoUeiy Tul., 262 

carbo, TuL, 85, 54, 254, 859, 
837 

grandU, TnU 25S 

Kuhniana, WolfE; 262 
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Ustilago lonaiuimaf TvHl, 260 
meanmg, 254 



Vackhkation, 198 

VcdvatidcB, 193 

Verhascum montantm, Schrad., 75 

nigrum, L., 75 
Vernal grass, 214 
Vetch, bush, 265 

common, 266 

Blender, 265 
FtciaaotivcsL., 266 

aepiim, L., 266 

tara^perma, Moench., 265 
Vinegar eels, 109 
Vize, Bey. J. E., 47, 281, 299, 307 



vr 

Waldbbdc, a. F. ds, 250 
Wall-barley, 18& 
Wallflower, 236 

Wasp, with ftingoB growths, 59 
Waved hair-grass, 214 
Webb, Bdward, and SonSi 117 



Wheat, 215, 258, 262 

grass, 215 
Whilborough, man at, 820 
White-rust ftmgns, 85 
White-rost of cabbages, 86, 88, 91 
Whitlow grass, 85 
Williams, B. S., 184 
Williamson, Prof. W. C, F.B.S., 838 
Wilson, A. Stephen, 22, 300 
Wilson's Glaviceps on ergot, 233 
Witchcraft, 170 
Witchflnder, 174 
Woronin, M., 94 
Wright, Dr. B. P., A.M., P.L.S., 67 



TsAST, 385 

Yellow oat^grass, 262 

Young, J. T., P.G.S., 331 



Zealand, New, 180 
Zoosporangia, meaning, 67 
Zoospore, meaning, 88 
Zygospores, 243 
Zygozoospores, 834 



THE END. 



Printed ^ R. & R. Clark, Edinburgh. 
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This Series falls into two Classes — 

(i) First Reading Books for Beginners, provided not 
only with Introductions and Notes, but with 
Vocabularies, and in some cases with Exercises 
based upon the Text. 

(2) Stepping-stones to the study of particular authors, 
intended for more advanced students who are beginning 
to read such authors as Terence, Plato, the Attic Dramatists, 
and the harder parts of Cicero, Horace, Virgil, and 
Thucydides. 

These are provided with Introductions and Notes, but 
no Vocabulary. The Publishers have been led to pro- 
vide the more strictly Elementary Books with Vocabularies 
by the representations of many teachers, who hold that be- 
ginners do not understand the use of a Dictionary, and of 
3thers who, in the case of middle-class schools where the 
cost of books is a serious consideration, advocate the 
V^ocabulary system on grounds of economy. It is hoped 
that the two parts of the Series, fitting into one another, 
may together fulfil all the requirements of Elementary and 
Preparatory Schools, and the Lower Forms jof Public 
khools. 

b 2 



4 MACMILLAN'S EDUCATIONAL CATALOGUE. 

« i 

The following Elementary Books, with Introductions, 
Notes, and Vocabularies, and in some cases witli 
Exercises, are either ready or in preparation : — 

Caesar — the gallic war. book I. Edited by A. S| 
Walpole, M.A. [Ready^ 

THE INVASION OF BRITAIN. Being Selections froJ 
Books IV. and V. of the " De Bello Galileo." Adapted id 
the use of Beginners. With Notes, Vocabulary, and Exercises, bj 
W. Welch, M.A.,'and C. G. Duffield, M.A. [In the press 

THE GALLIC WAR. BOOKS IL and IIL Edited by th 
Rev. W. G. Rutherford, M.A., LL.D., Head-Master of West 
minster School. [J^eadj 

THE GALLIC WAR. SCENES FROM BOOKS V. and *VJ 
Edited by C. Colbeck, M.A., Assistant- Master at Harrow 
fonnerly Fellow of Trinity College, Cambridge. lJ^eadjl\ 

Cicero. — de SENECTUTE. Edited by E. S. ShuckburgiJ 
M. A., late Fellow of Emmanuel College, Cambridge. 

[In ^eparaiiof< 

DEAMICITIA. By the same Editor. [In preparatwr 

STORIES FROM ROMAN HISTORY. Adapted for the Use < 
Beginners. With Notes, Vocabulary, and Exercises, by the Re^ 
G. £. Jeans, M.A., Fellow of Hertford College, Oxford, an 
A. V. Jones, M.A., Assistant-Masters at Haileybury College. 

{Ready 

EutrOpiuS. — Adapted for the Use of Beginners. With NoteJ 
Vocabulary, and Exercises, by William Welch, M.A., and C 
G. Duffield, M.A., Assistant-Masters at Surrey County SchocJ 
Cranleigh. [Readi 

Greek Testament— selections from the gospels 

Edited by Rev. A. Calvert, M.A., late Fellow of St. John 
College, Cambridge. [In preparatiawi 

Homer. — ILIAD. BOOK I. Edited by Rev. John Bond, M.A. 
and A. S. Walpole, M.A. [Read^ 

ILIAD. BOOK XVIH. THE ARMS OF ACHILLES. Edite 
by S. R. James, M.A., Assistant-Master at Eton College. 

[Ready, VOCABULARY in preparatia^^ 

ODYSSEY. BOOK I. Edited by Rev. John Bond, M.A., an 
A. S. Walpole, M.A, [Retzd; 
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Horace. — odes, books L—IV. Edited by T. E. Pah*, M. a., 
' late Fellow of St. John's College, Cambridge ; Assistant-Mastei 
at the Charterhouse. Each is, 6?. 

[I^eady, Vocabulary to Book III. in preparation, 

Livy. — BOOK I. Edited by H. M. Stephenson, M.A., Head 
Master of St. Peter's School, York. [Ready, 

THE HANNIBALIAN WAR. Being part of the XXI. and 
XXII. BOOKS OF LIVY, adapted for the use of beginners, 
by G. C. MacaIjlay, M.A., Assistant-Master at Rugby ; formerly 
Fellow of Trinity College, Cambridge. [Ready, 

THE SIEGE OF SYRACUSE. Adapted for the Use of Beginners. 
With Notes, Vocabulaiy, and Exercises, by George Richards, 
M.A., and A. S. Walpole, M.A. [In the press, 

Ovid. — SELECTIONS. Edited by E. S. Shuckburgh, M.A., 
late Fellow and Assistant-Tutor of Emmanuel College, Cambridge. 

[Retidy, 

PhaedrUS. — select fables. Adapted for the Use of Be- 
ginners. With Notes, Exercises, and Vocabularies, by A. S. 
Walpole, M.A. [Ready, 

Thucydides.— THE RISE OF THE ATHENIAN EMPIRE. 
BOOK L cc. LXXXIX. — CXVII. and CXXVIIL — 
CXXXVIII. Edited with Notes, Vocabulary and Exercises, by 
F. H. CoLSON, M.A., Senior Classical Master at Bradford 
Grammar Sdiool ; Fellow of St. John's College, Cambridge. 

[Ready, 

Virgil. — iENEID. BOOK I. Edited by A. S. Walpole, M.A. 

[Ready. 
iENEID. BOOK V. Edited by ReV. A. Calvert, M.A., late 
Fellow of St. John's CoUege, Cambridge. [Ready, 

SELECTIONS. Edited by E. S. Shuckburgh, M.A. 

[Ready, 

Xenophon. — ANABASIS. BOOK L Edited by A. S. 
Walpole, M.A. [Ready, 

The following more advanced Books, with Introductions 
and Notes, but no Vocabulary, are either ready, or in 
preparation : — 

Cicero. — select letters. Edited by Rev. G. E. Jeans, 
M.A., Fellow of Hertford College, Oxford, and Assistant-Master 
at Haileybury College. [Ready, 

Euripides.— HECUBA. Edited by Rev. John Bond, M.A. 
and A. S. Walfolb, M.A. [Ready. 
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Herodotus.— SELECTIONS FROM BOOKS VIL AND VnL 
THE EXPEDITION OF XERXES. Edited by A. H. Cooke, 
M.A., Fellow and Lecturer of King's College, Cambridge. 

[Ready. 

Horace. — selections from the satires and 

EPISTLES. Edited by Rev. W. J. V. Baker, M. A., Fellow of 
St. John's College, Cambridge ; Assistant-Master in Marlborough 
College. [Ready. 

SELECT EPODES AND ARS POETICA. Edited by H. A. 
D ALTON, M.A., late Senior Student of Christchurch ; Assistant- 
Master in Winchester College. [In the press. 
Livy. — THE LAST TWO KINGS OF MACEDON. SCENES 
FROM THE LAST DECADE OF LIVY. Selected and Edited 
by F. H. Rawlins, M.A., Fellow of King's College, Cambridge; 
and Assistant-Master at Eton College. [In preparation. 

Plato.— EUTHYPHRO and MENEXENUS. Edited by C. E. 
Graves, M.A., Classical Lecturer and late Fellow of St. John's 
College, Cambridge. [Ready. 

Terence.— SCENES from the ANDRIA. EdUed by F. W. 
Cornish, M.A., Assistant-Master at Eton College. [Ready. 

The Greek Elegiac Poets. — from callinus to 

CALLIMACHUS. Selected and Edited by Rev. Herbert 
Kyn ASTON, D.D., Principal of Cheltenham Collie, and formerly 
Fellow of St. John's College, Cambridge. [Ready. 

Thucydides. — BOOK IV. Chs. L— XLL THE CAPTURE 
OF SPHACTERIA. Edited by C. E. Graves, M.A. [Ready. 

Virgil. — GEORGICS. BOOK II. Edited by Rev. J. H. Skrine, 
M.A., late Fellow of Merton College, Oxford; Assistant-Master 
at Uppingham. [Ready. 

%• Other Volumes to fallow. 

CLASSICAL SERIES 
FOR COLLEGES AND SCHOOLS. 

Fcap. 8vo. 

Being select portions of Greek and Latin authors, edited 

with Introductions and Notes, for the use of Middle and 

Upper forms of Schools, or of candidates for Ptoblic 

Examinations at the Universities and elsewhere. 

i^schines. — in CTESIPHONTEM. Edited bj Rev. T. 
GwATKiN, M.A., late Fellow of St. John's College, Cambiidge. 

[In the press. 
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Aschykra, — PERSA Edited by A. O. Prickard, M.A., 
Fellow and Tutor of New Collie, Oxford. With Map. y. 6d. 

Catullus,— SELECT POEMS. Edited by F. P. Simpson, B. A., 
late Scholar of Balliol College, Oxford. New and Revised 
Edition. St. The Text of this Edition is carefuUy adsipted to 
School us*« 

Cicero.— THE CATILINE orations. From the Gennan 
of TUkkl Halm. Edited, with Additions, by A» S. Wilkins, 
M.A.y Professor of Latin at the Owens College, Manchesteib. 
New Edition. 3/. 6d. 

PRO LEGE MANILIA. Edited after Ha£M by Professor A. S. 
Wilkins, M.A. 31. 6(L 

THE SECOND PHILIPPIC ORATION. F^om the German 
of Karl Halm. Edited, with Corrections and Additions, 
by John E. B. Mayo^, Professor of Latin in the University of 
Cambridge, and Fellow of St. John's Collie. New Edition, 
revised. 5^. 

PRO ROSCIO AMERINO. Edited, after Halm, by E. K. DoI^ 
KIN, M.A., late Scholar of Lincoln College, Oxford; Assistant- 
Master at Sherbome- School. 41. 6d, 

PRO P. SESTIO. Edited by Rev. H. A. Holdbn,. M.A.^ LL.D., 
late Fellow of Trinity College, Cambridge ; and late Classical 
Examiner to the University of London. 5^. 

Demosthenes.— DE corona. Edited by B. Drake, M.A., 
late FeMow of King's College, Cambridge. N«w and revised 
Edition. 4r. 6d, 

ADVERSUS LEPTINEM. Edited by Rev. J. R. Kino, M.A., 
Fellow and Tntor of Oriel College, Oxford. 4J. 6d, 

THE FIRST PHILIPPIC. Edited, after C. Rekdantz, by Rev. 
T. GwATKiN, M. A., late FcUow^of St. John's College, Cambridge. 

Euripides. — BACCHAE. Edited by E. S. Shuckburgh,. M.A., 
late Fellow of Emmanuel College, Cambridge. [In preparation. 

HIPPOLYTUS. Edited by J[. P. Mahaffy, M.A., Fdlbw and 
Professor of AndeBt Histora in Trinity College Dublin, and J. B. 
Bu&Y» Scholar of Trinity College, Dublim 3^. 6d, 
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BuripideS.— MEDEA. Edited by A. W. VttJULt, M.A., 
Fdlow and Lecturer of Trinity College, Cambiv^. 31. 6</. 

IPHIGENIA IN TAURIS. Edited by E. B. England, M.A., 
Lecturer at the Oweos College, Manchester. 41. 6d. 

Herodotus.— BOOKS v. and VL Edited by Rev. A. H. 
CooKB, M.A., Fellow of King's College, Cambridge. 

[In prepanUion, 

BOOKS VIL AND VIIL THE INVASION OF GREECE BY 
XERXES. Edited by Thomas Casb, M.A., formerly Fellow 
of Brasenose College, Ojefeid. [In proration. 

Homer.— ILIAD, books l, ix., xl, xvl— xxiv. the 

STORY OF ACHILLES. Edited by the late J. H. Pratt, 
M.A., and Walter Lbaf, M.A., Fellows of Trinity College, 
Cambridge, dr. 

ODYSSEY. BOOK IX. Edited by Pro£ John E. B. Mayor. 
2s, 6d. 

ODYSSEY. BOOKS XXL— XXIV. THE TRIUMPH OF 
ODYSSEUS. Edited by S. G. Hamulton, B.A.» Fellow of 
Hertford College, Oxford. 3^. 6d, 

Horace. — ^THE odes. Edited by T. E. Paqk, M.A., formerly 
Fellow of St. John's College, Cambridge ; Assistant-Master at 
Charterhouse. 6s, (BOOKS L, IL, IIL, and IV. separately, 
2s, each.) 

THE SATIRES. Edited by ArthItr Palmer, M. A., Fellow of 
Trinity College, Dublin ; Professor of Latin in the University of 
Dublin, dr. 

THE EPISTLES and ARS POETICA. Edited by Profe«or 
A. S. WiLKiNS, M.A. [In the press. 

Juvenal, thirteen satires. Edited, for the Use of 
Schools, by E. G. Hardy, M.A., Head-Master of Grantham 
Grammar School ; late Fellow of Jesus College, Oxford. 55. 
The Text of this Edition is carefully adapted to School use. 

SELECT SATIRES. Edited by Professor John E. B. Mayor. 
X. AND XL 3^. 6d. XII.—XVI. 4J. 6d. 

Livy. — ^BOOKS II. AND III. Edited by Rev. H. M. Stephenson, 
M.A,, Head-Master of St. Peter's School, York. 5^. 

BOOKS XXL and XXII. Edited by the Rev. W. W. Capes, 
M.A., Reader in Ancient History at Oxford. With Maps. 5r. 

BOOKS XXIII AND XXIV. Edited by G. C. .Macaulay, M. A, 
Assistant-Master at Rugby. [In prtpattUion' 



CLASSICAL SERIES. 



LfUCretiuS* books L— hi. Edited by J. H. Warburton 
Lee, M.A., late Scholar of Corpus Christ! College, Oxford, and 
Assistant-Master at Rossall. [In preparation, 

LysiaS. — select orations. Edited by E. S. Shuckburgh, 
M.A., Assistant-Master at Eton College. 6s, 

Martial. — SELECT epigrams. Edited by Rev. H. M. 
Stephenson, M.A. 6s, 

Ovid. — FASTI. Edited by G. H. Hallam, M.A., Fellow of St. 
John's College, Cambridge, and Assistant-Master at Harrow. 
With Maps. 5j. 

HEROIDUM EPISTULiE XIIL Edited by E, S. Shuckburgh, 
M.A. 4r. 6d» 

METAMORPHOSES. BOOKS XIIL and XIV. Edited by 
C. Simmons, M.A. [In the press, 

Plato. — MENO. Edited by E. S. Thompson, M.A., Fellow of 
Christ's College, Cambridge. [In prtparatian, 

APOLOGY AND CRITO. Edited by F. J. H. Jenkinson, 
M.A., Fellow of Trinity College, Cambridge. [In preparation, 

THE REPUBLIC. BOOKS L— V. Edited by T. H. Warren, 
M.A., Fellow of Magdalen College, Oxford. [In preparation, 

PlautUS.— MILES GLORIOSUS. Edited by R. Y. Tyrrell, 
M.A.y Fellow and Professor of Greek in Trinity College, Dublin. 

Pliny. — LETTERS. BOOK III. Edited by Professor John E. B. 
Mayor. With Life of Pliny by G. H. Rendall, M.A. 51. 

Plutarch. — life of THEMISTOKLES. Edited by Rev.* 
H. A. HoLDEN, M.A., LL.D. 5j. 

Propertius. — select poems. Edited by Professor J. P. 
PoSTGATE, M.A., Fellow of Trinity College, Cambridge. 6s, 

SalluSt. — CATILINA AND JUGURTHA. Edited by C. Meri- 
VALE, D.D., Dean of Ely. New Edition, carefully revised and 
enlarged, 45. 6d, Or separately, 2s, 6d. each. 

BELLUM CATULINAE. Edited by A. M. CoOK, M.A., Asiiit- 
ant Master at St. Paul's School. /^, 6d, 



I 



lo MACMILLAirS EDUCATIONAL CATALOGUE. 

Sophocles.— ANTIGONE. Edited by Rev. John Bond, M: A., 
and A. S. Walpolb, M.A. [In Reparation, 

Tacitus.— AGRICOLA and GERMANIA. Edited by A. J. 
Church, M.A., and W. J. Brodribb, M.A., Translators of 
Tacitus. New Edition, 3; . &i. Or separately, 2r. each. 

THE ANNALS. BOOK VI. By the same Editors. 2s. 6/. 

THE HISTORY. BOOKS L and IL Edited by A. D.Oo^tEY, 
M.A. \ln preparadoH, 

THE ANNALS. BOOKS L and H. Edited by J. S. Reid, 
M. A . \In preparaHon. 

Terence.— HAUTON TIMORUMENOS. Edited by E. S. 
Shuckburgh, M.A. y. With Translation, 41. 6</. 

PHORMIO. Edited by Rev. John Bond, M.A., and A. S. 
Walpole, B.A. 4j. 6dr. 

Thucydides. BOOK IV. Edited by C. E. Gravbs, M.A., 
Classical Lecturer, and late Fellow of St. John's CoUege^ 
Cambridge. 51. 

BOOKS I. II. III. AND V. By the same Editor. To be pi&Hshed 
separately. \In freparmtion. 

BOOKS VL AND VIL THE SICILIAN EXPEDITION. Edited 
by the Rev. Percival Frost, M.A., late Fellow of St. John's 
College, Cambridge. New Edition, revised and enlarged^ with 
Map. 5;. 

Virgil.— iENEID. BOOKS IL and HI. THE NARRATIVE 
OF iENEAS. Edited by E. W. HowsoN, M. A., Fellow of Kmifs 
College, Cambridge, and Assistant-Master at Harrow. 3*. 

Xenophon. — HELLENICA, books L and IL Edited by 
H. Hailstone, B.A., late Scholar of Peterhouse, Cambridge. 
"With Map. 4f. dd, 

CYROPiEDIA. BOOKS VII. and VIII. Edited by Alfred 
Goodwin, M.A., Professor of Greek in University College, 
London. 5^* 

MEMORABILIA SOCRATIS. Edited by A. R. Cluer, B.A. 
Balliol Collie, Oxfoid. 6j. 

THE ANABASIS. BOOKS L— IV. Edited by Professors W. W. ^ 
Goodwin and J. W. White. Adapted to Goodwin's Greek 
Grammar. With a Map. 5j. 
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Xenophen.— HIERO. Edited by Rev. H. A. Holden, M.A., 
LL.D. 3J. 6d, 

OECONOMICUS. By the same Editor. With a complete Lexicon, 
dr. 

%* Other Volumes will follow. 



CLASSICAL LIBRARY. 

(i) Texts, Edited with Introductions and Notes, 
for the use of Advanced Students. (2) Commentaries 
and Translations. 

^SChyluS.— THE EUMENIDES. The Greek Text, with 
Introduction^ English Notes, and Verse Translation. By Bernard 
Drake, M.A., late Fellow of King's College, Cambridge. 
8vo. 5^. 

AGAMEMNON, CHOEPHORCE, AND EUMENIDES. Edited, 
with Introduction and Notes, by A. O. Prickard, M.A., Fellow 
and Tutor of New College, Oxford. Svo. [In preparation. 

AGAMEMNO. Emendavit David S. Margoliouth, Coll. Nov. 
Oxon. Sov*. Demy 8vo. 2f. (id. 

Antoninus, Marcus Aurelius. — BOOK iv. OF the 

MEDITATIONS. The Text Revised, with Translation and 
Notes, by Hastings Crosslby, M.A., Ptofessor of Greek in 
Queen's College, Belfast. 8vo. 6j. 

Aristotle. — ^THE metaphysics, book L Translated by 
a Cambridge Graduate. 8vo. 5j. [Book II, in preparation. 

THE POLITICS. Edited, after Susemihl, by R. D. Hicks, 
M.A., Fellow of Trinity College, Cambridge. 8vo. [In the press. 

THE POLITICS. Translated by Rev. J. E. C. Welldon, M.A., 
Fellow of King's College, Cambridge, and Master of Dulwich 
College. Crown 8vo. iQs. 6d, 

THE RHETORIC. By the same Translator. [In preparation. 

AN INTRODUCTION TO ARISTOTLE'S RHETORIC. 
With Analysis, Notes, and Appendices. By E. M. Cops, Fellow 
and Tutor of Trinity College, Cambridge. 8vo. 14^. 

THE SOPHISTICI ELENCHL With Translation and Notes 
bx £• Posts, M.A., Fellow of Oriel College, Oxford. 8vo. 8x. 6d. 
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Aristophanes.— THp birds. Translated into English Verse, 
with Introduction, Nbtes, and Appendices, by B. H. Kennedy, 
D.D., Regius Professor of Greek in the University of Cambridge. 
Crown 8vo. 6s. Help Notes to the same, for the use of 
Students, is. 6d. 

Attic Orators.— FROM antiphon to ISAEOS. By 

R. C. Jebb, M.A., LL.D.y Professor of Greek in the University 
of Glasgow. 2 vols. 8vo. 25J. 

SELECTIONS FROM ANTIPHON, ANDOKIDES, LYSIAS, 
ISOKRATES, AND ISiEOS. Edited, with Notes, by Pro- 
fessor Jebb. Being a companion volume to the preceding work. 
8vo. I2s. 6d. 

BabriuS. Edited, with Introductory Dissertations, Critical Notes, 
Commentary and Lexicon. By Rev. W. Gunion Rutherford, 
M. A., LL.D., Head-Master of Westminster School. Svo. I2j. 6d. 

Cicero.- THE ACADEMICA. The Text revised and explained 
by J. S. Rbid, M.L., Fellow of Caius College, Cambridge. 
New Edition. With Translation. Svo. [In the press. 

THE ACADEMICS. Translated by J. S. Reid, M.L. Svo. S^. td. 

SELECT LETTERS. After the Edition of Albert Watson, 

M.A. Translated by G. E. Jeans, M.A., Fellow of Hertford 

College, Oxford, and Assistant-Master at Haileybury. Syo. 
lar. 6d. 

(See also Classical Series^ 

Euripides. — MEDEA. Edited, with Introduction and Notes, by 
A. W. Verrall, M.A., Fellow and Lecturer of Trinity College, 
Cambridge. Svo. 7^. 6</. 

INTRODUCTION TO THE STUDY OF EURIPIDES. By 
Professor J. P. Mahaffy. Fcap. Svo. u. 6d. {Classical Wrilers 
Series.) 

(See also Classical Series.) 

Herodotus.— BOOKS i.— III. the ancient empires 

OF THE EAST. Edited, with Notes, Introductions, and Ap- 
pendices, by A. H. Sayce, Deputy-Professor of Comparative 
Philology, Oxford; Honorary LL.D., Dublin. Demy Svo. idr. 

BOOKS IV.— IX. Edited by JIeginald W. Macan, M.A., 
Lecturer in Ancient History at Brasenose College, Oxford. Svo. 

[/h pre^ara(i(m. 
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Homer. — the ILIAD. Edited, witli Introdnctiott and Not«8, 
by Walter Leaf, M.A., Fellow of Trinity College, Cambridge, 
and the late J. H. Pratt, M. A. Svo. [In preparation* 

THE ILIAD. Translated into English Prose. By Andrew 
Lang, M.A., Walter Leaf, M.A., and Ernest Myers, M.A. 
Crown Svo. I2s, 6d. 

THE ODYSSEY. Done into English by S. H. Butcher, M.A., 
Professor of Greek in the University of Edinburgh, and Andrew 
Lang, M.A., late Fellow of Merton College, Oxford. Fourth 
Edition, revised and corrected. Crown Svo. los, 6d. 

INTRODUCTION TO THE STUDY OF HOMER. By the 
Right Hon. W. E. Gladstone, M.P. iSmo. is. (Literature 
Primers,) 

HOMEUIC DICTIONARY. For Use in Schools and Colleges. 
Translated from the German of Dr. G. Autenrieth, with Addi- 
tions and Corrections, by R. P. Keep, Ph.D. With numerous 
Illustrations. Crown Svo* dr. 

(See also Classical Series,) 

Horace.— THE works of horace rendered into 

ENGLISH PROSE. With Introductions, Running Analysis, 
Notes, &c. By J. Lonsdale, M.A., and S. Lee, M.A. {Globe 
Edition,) Jx. 6d, 

(See also Classical Series,) 

Juvenal.— THIRTEEN SATIRES OF JUVENAL. With a 
Commentary. By John E, B. Mayor, M.A., Professor of Latin 
in tibe University of Cambridge. Second Edition, enlarged. 
Crown Svo. Vol. I. ^s, dd. Vol. II. lar. 6rf. 

THIRTEEN SATIRES. Translated into English after the Text 
of J. E. B. Mayor by Herbert Strong, M.A., Professor of 
Latin, and Alexander Leeper, M.A., Warden of Trinity 
College, in the University of Melbourne. Crown Svo. 3*. dd, 

(See also Classieal Series,\ 

Livy. BOOKS XXL— XXV. Translated by Alfred John 
Church, M.A., of Lincoln College, Oxford, Professor of Latin, 
University College, London, and William Jackson Brodrtbb, 
M. A., late Fellow of St. John's College, Cambridge. Crown Svo 
*!s.6d, 

INTRODUCTION TO THE STUDY OF LIVY. By Rev. 
W. W. Capes, Reader in Ancient History at Oxford. Fcap. Svo. 
is, 6df (Classical JVriters Series,) 

(See also Classical Series,) 
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Martial.— BOOKS I. and II. of the .epigrams. Edited, 
•wkk Introdudion and Notes, by Professor J. E. B, Mayor, M. A. 
^^' [In the press, 

(See also Classical Series,) 

Phrynichus.— THE new PHRYNICHUS ; being a Revised 
Text of the Edoga of the Grammarian Phrynichus. With Intro- 
dnction and Commentary by Rev. W. GuNioN Rutherford, 
M.A., LL.D., Head Master of Westminster SchooL 8vo. i8j. 

Pindar.— THE extant odes of PINDAR. Translated 
into English, with an Introduction and short Notes, by Ernest 
Myers, M. A., late Fellow of Wadham College, Oxford. Second 
Edition. Crown 8vo. $s. 

Plato. — PH-«DO. Edited, with Introducticm, Notes, and Appen- 
dices, by R. D. Archer-Hind, M.A., Fellow of Trinity CoU^ei 
Camloidge. 8vo. 8^. 6d. 

.PHILEBUS. Edited, with Introduction and N<*es, by Henry 
Jackson, M.A., Fdlow of Trinity College, Cambridge. 8vo. 

[In pr^aration, 

THE REPUBLIC OF PLATO. Translated into English, with 
an Analysis and Notes, by J. Li*. Davies, M.A., and D. J. 
Vaughan, M.A. i8mo. 4J. 6^. 

EUTHYPHRO, APOLOGY, CRITO, AND PHiEDO. Trans- 
lated by F. J. Church. Crown 8vo. 41. 6^. 

(See also Classical Series.) 

PlautUS.— THE MOSTELLARIA OF PLAUTUS, With Notes, 
Prolegomena, and Excursus. By William Ramsay, M.A., 
formerly Professor of Humanity in the University of Glasgow. 
Edited by Professor George G. Ramsay, M.A., of the University 
of Glasgow. 8vo. 14?. 

(See also Classical Series,) 

SalluSt. — CATILINE and JUGURTHA. Translated, with 
Introductory Essays, by A. W. Pollard, B.A. Crown 8vo. 6r. 

(See also Classical Series,) 

®tudia Scenica. — ^Part L, Section I. Introductory Study on 
the Text of the Greek Dramas. The Text of SOPHOCLES' 
TRACHINIAE, 1-300. By David S. Margoliouth, Fellow 
of New 'College, Oxford. Demy 8vo. 2s.-6il, 

Tacitus. — ^THE ANNALS. Edited, with Introductions and 
Notes, by G. O. Holbrooke, M. A., Professor -of Latin in Trinity 
College, Hartford, U.S.A. With Maps. 8vo. i6s. 
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Tacitus icontmtud)^ 

THE ANNALS. Translated by A. J. Church, M.A., Professor 
of Latin in the University of London, and W. J. Brodribb, M.A. 
With Notes and Maps. New Edition. Crown Svo. 'js, 6d, 

THE HISTORY. Edited, with Introduction and Notes, by 
Rev. Walter Short, M. A., and Rev. W. A. Spooner, M. A. 
Fellows of New College, Oxford. 8vo. [In preparation, 

THE HISTORY. Translated by A. J. Church, M.A., Professor 
of Latin in the University of London, and W. J. Brodribb, M.A. 
With Notes and a Map. New Edition. Crown 8vo. 6s, 

THE AGRICOLA AND GERMANY, WITH THE DIALOGUE 
ON ORATORY. Translated by A. J. Church, M.A., and 
W. J. Brodribb, M.A. With Notes and Maps. New and 
Revised Edition. Crown 8vo. 4r. 6d, 

INTRODUCTION TO THE STUDY OF TACITUS. By 
A. J. Church, M.A. and W. J. Brodribb, M.A. Fcap. 8vo. 
i8mo. I J. 6d, {Classical Writers Series,) 

Theocritus, Bion, and Moschus. Rendered into Eng- 

lish Prose with Introductory Essay by Andrew Lang, M.A. 
Crown 8vo. 6s. 

Virgil.— THE WORKS OF VIRGIL RENDERED INTO 
ENGLISH PROSE, with Notes, Introductions, Running Analysis, 
and an Index, by James Lonsdale, M.A., and Samuel Lee, 
M.A. New Edition. Globe 8vo. p, 6d, 

THE iENEID. Translated by J. W. Mackail, M.A., FeUotw of 
BalUol College, Oxford. Crown 8vo. \In the press. 



GRAMMAR, COMPOSITION, & PHI1.0LOGY. 

Belcher.— SHORT exercises in latin prose com- 
position AND EXAMINATION PAPERS IN LATIN 
GRAMMAR, to which is prefixed a Chapter on Analysis of 
Sentences. By the Rev. H. Belcher, M.A., Assistant-Master in 
King's College School, London. New Edition. i8mo. \s. 6d. 

KEY TO THE ABOVE (for Teachers only), a*. 6d, 

&HORT EXERCISES IN LATIN PROSE COMPOSITION, 
Part II., On the Syntax of Sentences, with an Appendix, -tnclod- 
ing EXERCISES IN LATIN IDIOMS, &c. i8mo. zs, 

KEY TO THE ABOVE (for Tcadhers only), y. 
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BlacklC— GREEK AND ENGLISH DIALOGUES FOR USE 
IN SCHOOLS AND COLLEGES. By John Stuart Blackie, 
Emeritus Professor of Greek in the University of Edinburgh. 
New Edition. Fcap. 8vo. 2s, 6d, 

Bryans.— EXERCISES in latin prose founded upon 

CAESAR. ByC. W. Bryans, M. A., Assistant-Master in Dulwich 
College. Globe 8vo. [In the press, 

Eicke FIRST LESSONS IN LATIN. By K. M. Eicke, B.A., 

Assistant-Master in Oundle School. Globe 8vo. 2j. 

Ellis.— PRACTICAL HINTS ON THE QUANTITATIVE 
PRONUNCIATION OF LATIN, for the use of Classical 
Teachers and Linguists. By A. J. Ellis, B.A., F.R.S. Extra 
fcap. Svo. 4r. 6d, 

England— EXERCISES ON latin syntax AND IDIOM, 
ARRANGED WITH REFERENCE TO ROBY'S SCHOOL 
LATIN GRAMMAR. By E. B. England, M.A., Assistant 
Lecturer at the Owens College, Manchester. Crown Svo. 2s, 6d, 
Key for Teachers only, 2s, Sd, 

QOOdwin. — Works by W. W. GoODWiN, LL.D., Professor of 
Greek in Harvard University. U.S.A. 
SYNTAX OF THE MOOD^ AND TENSES QF THE GREEK 

VERB. New Edition, revised. Crown Svo. 6j. 6d, 
A GREEK GRAMMAR. New Edition, revised. CrowXiSvo. 6j. 
"It is the best Greek Gxammar of its sise in the Engfish language. "— 

Jk ■*> u S M JKfl M 

A GREEK GRAMMAR FOR SCHOOLS. Crown Svo. y. U 

Greenwood— THE elements OF GREEK GRAMMAR, 
including Accidence, Irr^^ar Verbs, and Principles of Deriva- 
tion and Composition ; adapted to the Sjrstem of Crude Forms. 
By J. G. Greenwood, Princip^ of Owens College, Manchester. 
New Edition. Crown Svo. 5^. 6d, 

Hadley and Allen.— a greek grammar. By the 

late Prof. Hadley. New Edition revised by Prof. Allen, 
of Harvard College. Crown Svo. [In the press, 

Hodgson.— MYTHOLOGY FOR LATIN VERSIFICATION. 
A brief Sketch of the Fables of the Ancients, prepared to be 
rendered into Latin Verse for Schools. By F. Hodgson, B.D., 
late Provost of Eton. New Edition, revise! by F. C. Hodgson, 
M.A. iSmo. 51. 

Jackson.— FIRST steps to greek PROSE COMPOSI- 
TION. By Blomfield Jackson, M.A., Assistant-Master in 
King's College School, London. New Edition^ revised and 
enlarged. iSmo. 11. 6/. 
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Jackson {conHnuea)— 

KEV to first STEPS (for Teachers onjy). i8mo. 3^. Sd. 
SECOND STEPS TO GREEK PROSE COMPOSITION, with 

Miscellaneous Idioms, Aids to Accentuation, and Examination 

Papers in Greek Scholarship. i8mo. 2J. 6d, 
KEY TO SECOND STEPS (for Teachers only). i8mo. 3J. ed. 

Kynaston.— EXERCISES IN the composition of 

GREEK IAMBIC VERSE by Translations from English Dra- 
matists. By Rev. H. Kynaston, D.D., Principal of Cheltenham 
College. With Introduction, Vocabulary, &c. Extra fcap. 8vo. 

KEY TO THE SAME (for Teachers only). Extra fcap. 8vo. 
4J. 6d, 

Macmillan. — first latin grammar. By m. c. mac- 

MILLAN, M.A., late Schoku: of Christ's College, Cambridge; 
sometime Assistant-Master in St. Paul's School. New Edition, 
enlarged. i8mo. is, 6d. A Short Syntax is in preparation 
to follow the Accidence. 

Macmillan's Progressive Latin Course. By A. M. 

Cook, M. A., Assist. Master at St. Paul's School [In proration, 

Marshall.— A table of irregular greek verbs, 

classified according to the arrangement of Curtius's Greek Grammar. 
By J. M. Marshall, M.A., one of the Masters in Clifton College. 
8vo, cloUi. New Edition, is. 

Mayor (John E. B.) — first greek reader. Edited 

after Karl Halm, with Corrections and large Additions by Pro- 
fessor John E. B. Mayor, M.A., Fellow of St. John's College, 
Cambridge. New Edition, revised. Fcap. 8vo. 4J. 6d, 

Mayor (Joseph B.)— greek for beginners. By the 

•Rev. J. B. Mayor, M.A., Professor of Classical Literature in 
King's College, London. Part L, with Vocabulary, is, ed. 
Parts II. and III., with Vocabulary and Index, y. 6d, Complete 
in one Vol. fcap. 8vo, 41. 6d, 

Nixon. — PARALLEL EXTRACTS arranged for translation into 
English and Latin, with Notes on Idioms. By J. E. NixoN, 
M. A., Fellow and Classical Lecturer, King's College, Cambridge. 
Part I.— Historical and Epistolary. New Edition, revised and 
enlarged. Crown 8vo. 3x. 6d, 

Peile.— A PRIMER OF PHILOLOGY. By J. Peile, M.A., 
Fellow and^Tutor of Christ's College, Cambridge. i8mo. is. 
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Postgate and Vince.— a dictionary of latin 

ETYMOLOGY. Sy J. P. Postgate, M.A., and C. A. Vince; 
M . A. [In preparation. 

Potts (A. W.) — Works by ALEXANDER W. Potts, M.A., 
LL.D., late Fellow of St. John's College, Cambridge; Head 
Master of the Fettes College, Edinburgh. 

HINTS TOWARDS LATIN PROSE COMPOSITION. New 
Edition. Extra fcap. 8vo. 3;. 

PASSAGES FOR TRANSLATION INTO LATIN PROSE. 
Edited with Notes and References to the above. New Exlition. 
Extra fcap. 8vo. 2s, 6d. 

LATIN VERSIONS OF PASSAGES FOR TRANSLATION 
INTO LATIN PROSE (for Teachers only). 2J. 6d. 

'Reid.— A GRAMMAR OF TACITUS. By J. S. Rkid, M.L., 
Fellow of Cains College, Cambridge. [In prepitration. 

A GRAMMAR OF VERGIL. By the same Author. . . 

[In prepa^'otion, 

«* Similar Grammars to other Classical Authors wiU probably follow, 

Roby.— A GRAMMAR OF THE LATIN LANGUAGE, from 

Plautus to Suetonius. By H. J. RoBY, M.A., late Fellow of St. 

John's College, Cambridge. In Two Parts. Third Edition. 

Part I. containing: — Book I. Sounds. Book- II. -.Inftexidos. 

Book III. Word-fornjation. Appendices. Crown 8vo. &r. 6d, 

Part II. Syntax, Prepositions, &c. Crown 8yo. lOf. 6d. 

** Marked by the clear and practised insight of a master in his art. A book that 
would do honour to any country."^ATHBN.«UM. 

SCHOOL LATIN GRAMMAR. By the same Author. Crown 
8vo. 5j. 

Rush.— SYNTHETIC LATIN DELECTUS. A First Latin 
Construing Book arranged on the Principles of Gnumnaticsl 
Analysis. With Notes and Vocabulary. By E. KusH^ B.A 
With Preface by the Rev. W. F. Moulton, M. A., D.D. New 
and Enlarged Edition. Extra fcap. 8vo. 2s, 6d. 

Rust— FIRST STEPS TO LATIN PROSE COMPOSITION. 
By the Rev. G. Rust, M.A., of Pembroke CoU^e, Oxford, 
Master of the Lower School, King's College, London. Nevr 
Edition. i8mo. ix. 6el, 
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Rutherford. — Works by the Rev. W. GuNioN Rutherford, 

M.A., LL.D., Head-Master of Westminster School. 
A FIRST GREEK GRAMMAR. New Edition, enlarged. Extra 

fcap. 8vo. is. 6d. 
THE NEW PHRYNICHUS ; being a Revised Text of the 

Ecloga of the Grammarian Phrynichus. With Introduction and 

Commentary. 8vo. i2>s. 

Simpson.— I,ATIN prose after the BE;ST AUTHORS. 

By F. P. Simpson, B.A., late Scholar of Ballipl College, Oxford. 

I. CiESAR. Extra fcap. 8vo. [In the press. 

TKring.— Works by the Rev. E. Thring, ii,K., Head-Master of 

Uppingham School. 
A LATIN GRADUAL. A Fu^t Latin Construing Book for 

Beginners. New Edition, enlarged, with Coloured Sentence 

Maps. Fcap. 8vo. 2J. 6d. 
A MANUAL OF MOOD CONSTRUCtlONS. Fcap. 8vo. 

is. 6d, 

White.— FIRST LESSONS IN GREEK. Adapted to GOOD- 
WIN'S GREEK GRAMMAR, and designed as an introduction 
to the ANABASIS OF XENOPHON. By John Williams 
White, Ph.D., Assistant- Professor of Greek in Harvard Univer- 
sity. Crown 8vo. 4s. 6d. 

Wright. — Works by J. WRIGHT, M.A., late Head Master of 

S.utton Coldfield School. 
A HELP TO LATIN GRAMMAR ; or, The Form and Use 

of Words in Latin, with Progressive Exercises. Crown 8vo. 

4r. 6d, 
THfe SEVEN KINGS OF ROME. An Easy Narrative, abridged 

from the First Book of Livy by the omission of Difficult Passages ; 

being a Firet Latin Reading Book, with Grammatical Notes and 

Vocabulary. New and revised Edition. Fcap. 8vo. 3^. 6d, 
FIRST LATIN STEPS ; OR, AN INTRODUCTION BY A 

SERIES OF EXAMPLES TO THE STUDY OF THE 

LATIN LANGUAGE. Crown 8vo. y. 
ATTIC PRIMER. Arranged for the Use of Beginners. Extra 

fcap. 8vo. 2s. 6d. 
A fcOMPLETE LATIN COURSE, comprising Rules with 

Examples, Exercises, both Latin and English, on each Rule, and 

Vocabularies. Crown 8vo. 2s. 6d. 

Wright (Bt. C.)— EXERCISES ON THE LATIN SYNTAX. 
By H. C. Wright, B.A., Assistant-Master at Haileybury 
College. l8mo. [In preparation. 

C 2 
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ANTIQUITIES, ANCIENT HISTORY, J^fiJ) 

PHILOSOPHY. 

Arnold. — Works by W. T. Arnold, B.A. 
A HANDBOOK OF LATIN EPIGRAPHY. [In preparaHon. 

THE ROMAN SYSTEM OF PROVINCIAL ADMINISTRA- 
TION TO THE ACCESSION OF CONSTANTINE THE 
GREAT. Crown 8vo. dr. 

Beesly.— STORIES from the history OF ROME. 
By Mrs. Beesly. Fcap. 8vo. ^j. 6d. 

Bryce. — THE HOLY ROMAN EMPIRE. By James Bryce, 
D. C. L. , Fellow of Oriel College, and Regius Professor of Civil Law 
in the University of Oxford. Seventh Edition. Crown 8vo. Is. 6d. 

Classical Writers.— Edited by John Richard Green, M.A., 

LL.D. Fcap. 8vo. is. 6d. each. 
EURIPIDES. By Professor Mahaffy. 
MILTON. By the Rev. Stopford A. Brooke, M.A. 
LIVY. By the Rev. W. W. Capes, M.A. 
VIRGIL. By Professor Nettleship, M.A. 
SOPHOCLES. By Professor L. Campbell, M.A. 
DEMOSTHENES. By Professor S. H. Butcher, M.A. 
TACITUS. By Professor A. J. Church, M.A., and W. J. 

Brodribb, M.A. 

Freeman.— HISTORY OF ROME. By Et)WARD A. Free- 
man, D.C.L., LL.D., Hon. Fellow of TVinity College, Oxford, 
Regius Professor of Modern History in the University of Oxford. 
(Historical Course for Schools.) i8mo. [In preparation. 

HISTORICAL ESSAYS. Second Series. [Greek and Roman 
History.] By the same Author. Zvo. los. 6d. 

Fyffe.— A SCHOOL history of Greece. By c. a. 

Fyffe, M.A., late Fellow of University College, Oxford. Crown 
8vo. [In preparation. 

Geddes. — the problem of the Homeric poems. 

By W. D. Geddes, Professor of Greek in the University of 
Aberdeen. 8vo. 14;. 

Gladstone. — Works by the Rt. Hon. W. E. Gladstone, M.P. 
the time and PLACE OF HOMER. Crown 8vo. ts. 6d. 
A PRIMER OF HOMER. i8mo. is. 

Jackson.— A~ MANUAL OF GREEK PHILOSOPHY. By 
Henry Jackson, M.A., Fellow and Praelector in Ancient 
Bhilosophy, Trinity College, Cambridge. [In preparation* 
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J ebb. — Works by R. C. Jebb, M.A., Professor of Greek in the 
University of Glasgow. 

THE ATTIC ORATORS FROM ANTIPHON TO ISAEOS. 
2 vols. 8vo. 2$S, 

SELECTIONS FROM THE ATTIC ORATORS, ANTIPHON, 
ANDOKIDES, LYSIAS, ISOKRATES, AND IS^OS. 
Edited, with Notes. Being a companion volume to the preceding 
work. 8yo. • 12s, 6d. 

A PRIMER OF GREEK LITERATURE. i8mo. is. 

Ktepert.— MANUAL OF ANCIENT GEOGRAPHY, Trans- 
lated from the German of Dr. Heinrich Kiepert. Crown 
8vo. 5j. 

Mahaffy. — Works by J. P. Mahaffy, M.A., Professor of Ancient 
History in Trinity College, Dublin, and Hon. Fellow of Queen's 
College, Oxford. 

SOCIAL LIFE IN GREECE; from Homer to Menander. 
Fourth Edition, revised and enlarged. Crown 8vo. gs. 

RAMBLES AND STUDIES IN GREECE. With Illustrations. 
Second Edition. With Map. Crown 8vo. loj. 6J. 

A PRIMER OF GREEK ANTIQUITIES. With Illustrations. 
i8mo. IS. 

EURIPIDES. i8mo. is. 6d. {Classical Writ€rs Series,) 

Mayor (J. E. B.) — bibliographical clue to latin 

LITERATURE. Edited after Ht^BNER, with large Additions 
by Professor John E. B. Mayor. Crown 8vo. los. 6d. 

Newton. — ESSAYS IN ART AND ARCHiEOLOGY. By 
C. T. Newton, C.B., D.C.L., Professor of Archjeology in 
University College, London, and Keeper of Greek and Roman 
Antiquities at the British Museum. 8vo. I2J. 6d. 

Ramsay. — ^a school history of rome. By g. g. 

Ramsay, M.A., Professor of Humanity in the University of 
Glasgow. With Maps. Crown 8vo. [In preparation. 

Schwegler.— A text-book of greek philosophy. 

Translated from the German by Henry Norman. 8vo. 

[In preparation, 

Wilkins.— A primer of Roman antiquities. By 

Professor Wilkins. Illustrated. i8mo. is. 
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MATHEMATICS. 

(i) Arithmfetic, (2) Algebra, (3) Euclid and Ele- 
mentary Geometry, (4) Mensuration, (5) Higher 
Mathematics. 

ARITHMETIC. 

Aldis.— THE GIANT ARITHMOS. A most Elementary Arith- 
metic for Children. By Mary Steadman Aldis. With 
Illustrations. Globe 8vo. 2s. 6d, 

Brook-Smith (J.).— ARITHMETIC IN THEORY AND 
PRACTICE. By J. Brook-Smith, M.A., LL.B., St. John's 
College, Cambridge ; Barrister-at-Law ; one of the Masters of 
Cheltenham College. New Edition, revised. Crown 8vo. 4?. 6d. 

Candler.— HELP TO arithmetic. Designed for the use of 
Schools. By H. Candler, M.A., Mathematical Master of 
Uppingham School. Extra fcap. 8vo. 2s, 6d, 

Dalton.— RULES AND EXAMPLES IN ARITHMETIC. By 
the Rev. T. Dalton, M.A., Assistant-Master of Eton CoU^e. 
New Edition. i8mo. 2s, 6d» 

[Answers to the Examples are appended, 

Pedley.— EXERCISES in arithmetic for the Use of 
Schools. Containing more than 7,000 original Examples. By 
S. Pedley, late of Tamworth Grammar School. Crown 8vo. 5^. 

Smith. — Works by the Rev. Barnard Smith, M.A., late Rector 
of Glaston, Rutland, and Fellow and Senior Bursar of S. Peter's 
College, Cambridge. 

ARITHMETIC AND ALGEBRA, in their Principles and Appli- 
cation; with numerous systematically arranged Examples taken 
from the Cambridge Examination Papers, with especial reference 
to the Ordinary Examination for the B.A. Degree. New Edition, 
carefully Revised. Crown 8vo. lOJ. 6d, 

ARITHMETIC FOR SCHOOLS. New Edition. Crown 8vo. 

4^. 6d, * 

A KEY TO THE ARITHMETIC FO^ SCHOOLS. J^ew 

Edition. Crown 8vo. 8^. 6d, 
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Smith. — Works by the Rev. Barnard Smith, M.A. {continued)-— 

EXERCISES IN ARITHMETIC. Crown 8vo, limp doth, 2s, 
With Answers, 2j. 6d, * 

Answers separately, 6d. 

SCHOOL CLASS-BOOK OF ARITHMETIC. i8mo, doth. y. 
Or sold separatdy, in Three Farts, is, each. 

KEYS TO SCHOOL CLASS-BOOK OF ARITHMETIC. 
Parts I., II., and III., 2s. 6d. each. 

SHILLING BOOK OF ARITHMETIC FOR NATIONAL 
AND ELEMENTARY SCHOOLS. i8mo, clotli. Or sepa- 
rately, Part I. 2d. ; Part II. $d. ; Part III. 'jd. Answers, 6d. 

THE SAME, with Answers complete. i8mo, cloth, is. 6d. 

KEY TO SHILLING BOOK OF ARITHMETIC. i8mo. 4s. 6d. 

EXAMINATION PAPERS IN ARITHMETIC. i8mo. is, 6d. 
The same, with Answers, i8mo, 2s. Answers, 6d. 

KEY TO EXAMINATION PAPERS IN ARITHMETIC. 
i8mo. 4r. 6d, 

THE METRIC SYSTEM OF ARITHMETIC, ITS PRIN- 
CIPLES AND APPLICATIONS, with numerous Example?, 
written cpcpressly for Standard V. in National Schools. New 
Edition. i8mo, cloth, sewed. 3</. 

A CHART OF THE METRIC SYSTEM, on a Sheet, size 42 in. 
by 34 in. on Roller, mounted and varnished. New Edition. 
Price 3J. 6d. 

Also a Small Chart on a Card, price id, 

EASY LESSONS IN ARITHMETIC, combining Exerdses in 
Reading, Writing, Spelling, and Dictation. Part I. for Standard 
I. in National Sdiools. Crown 8vo. gd. 

EXAMINATION CARDS IN ARITHMETIC. (Dedicated to 
Lord Sandon.) With Answers and Hints. 

Standards I. and II. in box, is. Standards III., IV., and V., in 
boxes, is, each. Standard VI. in Two Parts, in boxes, is, each. 

A and B papers, of nearly the same difficulty, are given so as to 
prevent copying, and the colours of the A and B papers differ in each 
Standard, and from those of every other Standard, so that a mastei* 
or mistress can see at a glance whether the children have the proper 
papezs. - 
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ALGEBRA. 

Dalton. — RULES AND EXAMPLES IN ALGEBRA. By the 
Rev. T. Dalton, M.A., Assistant-Master of Eton College. 
. Part I. New Edition. i8mo. 2x. Part II. i8mo. 2j. 6d. 

Jones and Cheyne.— algebraical exercises. Pro- ' 

gressively Arranged. By the Rev. C. A. JoNES» M.-^., and C. 
H. Cheyne, M.A., F.R.A.S., Mathematical Masters of West- 
minster School. New Edition. i8mo. 2s, 6d, 

Smith.— ARITHMETIC AND ALGEBRA, in their Principles 
and Application ; with numerous systematically arranged Examples 
taken irom the Cambridge Examination Papers, with especial 
reference to the Ordinary Examination for the B.A. Degree. By 
the Rev. Barnard Smith, M. A., late Rector of Glaston, Rutland, 
and Fellow and Senior Bursar of St. Peter's College, Cambridge. 
New Edition, carefully Revised. Crown 8vo. ioj. 6d. 

Todhunter. — Works by L Todhunter, M.A., F.R.S., D.Sc, 

late of St. John's College, Cambridge. 

"Mr. Todhunter is chiefly known to Students of Mathematics as the author of a 
series of admirable mathematical text-books, which possess the rare qualities of being 
clear in style and absolutely free from mistakes, typographical or other." i— Saturday 
Review. 

ALGEBRA FOR BEGINNERS. With numerous Examples. 
New Edition. i8mo. 2s, 6d, 

KEY TO ALGEBRA FOR BEGINNERS. Crown 8vo. dr. 6d. 

ALGEBRA. For the Use of Colleges and Schools. New Edition. 
Crown 8vo. ys. 6d. 

KEY to ALGEBRA FOR THE USE OF COLLEGES AND 
SCHOOLS. Crown 8vo. los. 6d, 



>EUOLID a ELEMENTARY GEOMETRY. 

Constable.— GEOMETRICAL EXERCISES. FOR BE- 
GINNERS. By Samuel Constable. Crown 8vo. y. 6d, 

Cuthbertson. — eUCLIDIAN geometry. By Francis 
CUTHBERTSON, M.A., LL.D., Head Mathematical Master of the 
City of Londoa School. Extra fcap. 8vo. 4J. 6d, 
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Dodgson.— EUCLID. BOOKS I. and II. Edited by Charles 
L. Dodgson, M.A., Student and late Mathematical Lecturer of 
Christ Church, Oidbrd. Second Edition, with words substituted 
for the Algebraical S)rmbols used in the First Edition. Crown 
8vo. 2s. 

*«.* The text o£ this Edition has been ascertained, by counting the words, to be 
less than five-sevenths of that contained in the ordinarj' editions. 

•Kitchener.— A GEOMETRICAL NOTE-BOOK, containing 
Easy Problems in Geometrical Drawing preparatory to the Study 
of Geometry. For the Use of Schools. By F. E. Kitchener, 
M.A., Mathematical Master at Rugby. New Edition. 4to. 2J. 

Mault.— NATURAL GEOMETRY: an Introduction to the 
Logical Study of Mathematics. For Schools and Technical 
Classes. With Explanatory Models, based upon the Tachy- 
metrical works of Ed. Lagout. By A. Mault. l8mo. is. 
Models to Illustrate the above, in Box, 12s. 6d, 

Smith. — AN ELEMENTARY TREATISE ON SOLID 
GEOMETRY. By Charles Smith, M.A., Fellow and Tutor 
of Sidney Sussex College, Cambridge. Crown 8vo. gs. 6d, 

Syllabus of Plane Geometry (corresponding to Euclid, 

Books I. — ^VL). Prepared by the Association for the Improve- 
ment of Geometrical Teaching. New Edition. Crown 8vo. is, 

Todhunter. — the elements of EUCLID. For the Use 
of CoUegesand Schools. By I. Todhunter, M.A., F.R.S., D.Sc, 
of St. John's College, Cambridge. New Edition. i8mo. y, dd, 
KEY TO EXERCISES IN EUCLID. Crown 8vo. 6s, 6^. 

Wilson (J. M.).— ELEMENTARY GEOMETRY. BOOKS 
I. — ^V. Containing the Subjects of Euclid's first Six Books. Fol- 
lowing the Syllabus of the Geometrical Association. By the Rev. 
J. M. Wilson, M.A., Head Master of Clifton College. New 
Edition. Extra fcap. 8vo. 4r. 6^. 

MENSURATION. 

Tebay.— ELEMENTARY MENSURATION FOR SCHOOLS. 
With numerous examples. By SeptTemus Tebay, B.A., Head 
Master of Queen Elizabeth's Grammar School, Rivington. Extra 
fcap. 8vo. y. dd, 

Todhuntef.— -MENSURATION FOR BEGINNERS. By I. 
Todhunter, M.A., F.R.S., D.Sc, late of St. John's College, 
Cambridge. With Examples. New Edition. i8mo. 2s, 6d, 
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HIGHER MATHEMATICS. 

Airy. — ^Works by Sir G. B. Airy, K.C.B., formerly Astronomer- 
Royal : — 
ELEMENTARY TREATISE ON PARTIAL DIFFERENTIAL 
EQUATIONS. Designed for the Use of Students in the Univer- 
sities. With Diagrams. Second Edition. Crown 8vo. $s. 6d. 

ON THE ALGEBRAICAL AND NUMERICAL THEORY 
OF ERRORS OF OBSERVATIONS AND THE COMBI- 
NATION OF OBSERVATIONS. Second Edition, revised. 
Crown 8vo. 66. 6d, • 

Alexander (T.).— elementary applied mechanics. 

Being the simpler and more practical Cases of Stress and Strain 
wrought out individually from first principles by means of Elemen- 
tary Mathematics. By T. Alexander, C.E., Professor of Civil 
Engineering in the Imperial College of Engineering, Tokei, 
Japan. Crown 8vo. Part L ^r. 63, 

Alexander and Thomson.— elementary applied 

MECHANICS. By Thomas Alexander, CE., Professor of 
Engineering in the Imperial College of Engineering, Tokei, Japan ; 
and Arthur Watson Thomson, C.E., B.Sc, Professor of 
Engineering at the Royal College, Cirencester. Part II. Trans- 
verse Stress. Crown 8vo. los, 6d, 

Bayma the elements of molecular mechanics. 

By Joseph Bayma, S.J., Professor of Philosophy, Stonyhurst 
College. Demy 8vo. lor. 6d, 

Beasley.— AN elementary treatise on plane 

TRIGONOMETRY. With Examples. By R. D. Beasley, 
M. A. Eighth Edition, revised and enlarged. Crown 8vo. y. 6d. 

Blackburn (Hugh). — ELEMENTS OF PLANE TRIGO 
NOMETRY, for the use of the Junior Class in Mathematics ia 
the University of Glasgow. By Hugh Blackburn, M.A., late 
Professor of Mathematics in the University of Glasgow. Globe 
8vo. is, 6d, 

Boole. — ^Works by G. Boole, D.C.L., F.R.S., late Professor of 

Mathematics in the Queen's University, Ireland. 
A TREATISE ON DIFFERENTIAL EQUATIONS. Sup- 

plementary Volume. Edited by I. Todhunter. Crown 8vo. 

%s,6d. 
THE CALCULUS OF FINITE DIFFERENCES. Ttoi 

Edition, revised by J. F. Moulton. Crown 8vO. ' lOj. 6/. 
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Cambridge Senate-House Problems and Riders, 
with Solutions: — 

187s— PROBLEMS ANp RIDERS. By A. G. Greenhill, 

M.A. Crown 8vo. 8i. 6d, 
1878— SOLUTIONS OF SENATE-HOUSE PROBLEMS. By 

the Mathematical Moderators and Examiners. Edited by j. W. L. 

Glaisher, M.A., Fellow of Trinity College, Cambridge. I2j. 

Cheyne.— AN elementary treatise on the plan- 
etary THEORY. By C. H. H. Cheyne, M.'A., F.R.A.S. 
With a Collection of Problems. Third Edition. Edited by Rev. 
A. Freeman, M.A., F.R.A.S. Crown 8vo. 7^. 6d, 

Christie. — a COLLECTION OF ELEMENTARY TEST- 
QUESTIONS IN PURE AND MIXED MATHEMATICS ; 
with Answers and Appendices on Synthetic Division, and on the 
Solution of Numerical Equations by Homer's Method. By James 
R. Christie, F.R.S., Royal Military Academy, Woolwich. 
Crown 8vo. &f. 6d. 

ClausiuS.— MECHANICAL THEORY OF HEAT. By R. 
Clausius. Translated by Walter R. Browne, M.A., late 
Fellow of Trinity College, Cambridge. Crown 8vo. loj. 6d. 

Clifford.— THE ELEMENTS OF DYNAMIC. An Introduction 
to the Study of Motion and Rest in Solid and Fluid Bodies. By W. 
K. Clifford, F.R.S., late Professor of Applied Mathematics and 
Mechanics at University College, London. Part I.— KINEMATIC. 
Crown 8vo. 7^. 6d, 

Cotterill.— A TREATISE ON APPLIED MECHANICS. By 

James Cotterill, M.A., F.R.S., Professor of Applied Mechanics 
at the Royal Naval College, Greenwich. With Illustrations. 8vo. 

[In the press. 

Day. — PROPERTIES OF CONIC SECTIONS PROVED 
GEOMETRICALLY. Part I. THE ELLIPSE. With Prob- 
lems. By the Rev. H. G. Day, M.A. 8vo. 3^. 6d. 

Day (R. E.)— electric light arithmetic. By R. E. 

Day, M.A., Evening Lecturer in Experimental Physics at King's 
Collie, London. Pott 8vo. 2j. 

Drew.— GEOMETRIC AL TREATISE ON CONIC SECTIONS. 
By W. H. Drew, M.A., St. John's College, Cambridge. New 
Edition, enlarged. Crown 8vo. $s, 
SOLUTIONS TO THE PROBLEMS JLN DREWS CONIC 
SECTIONS. Crown 8vo. 41*. 6<5r. 
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Dyer. — ^exercises in analytical geometry, com- 

piled and arranged by J. M. Dyer, M.A., Senior Mathematical 
Master in the Classical Department of Cheltenham Collc^. With 
Illustrations. Crown 8vo. 4r. (id. 

Edgar (J. H.) and Pritchard (G. S.). — NOTE-BOOK ON 

PRACTICAL solid OR DESCRIPTIVE GEOMETRY. 
Containing Problems with help for Solutions. By J. H. Edgar, 
M.A., Lecturer on Mechanical Drawdng at the Royal School of 
Mines, and p, S, Pritchard. Fourth Edition, revised by 
Arthur Meeze. Globe 8yo. 4j. 6<f. 
Ferrers. — Works by the Rev. N. M. Ferrers, M.A., Fellow and 
' Master of Gonville and Caius College, Cambridge. 

AN ELEMENTARY TREATISE ON TRILINEAR CO- 
ORDINATES, the Method of Reciprocal Polars, and the Theory 
of Projectors. New Edition, revised. Crown 8vo. df. 6</. 

AN ELEMENTARY TREATISE ON SPHERICAL HAR- 
MONICS, AND SUBJECTS CONNECTED WITH THEM, 
Crown 8vo. *]5, 6d, 

Forsyth,— A treatise on differential equa- 
tions. By A. R. Forsyth, M.A., FeUow of Trinity Collie, 
Cambridge. [In preparation. 

Frost. — Works by Percival Frost, M.A., D.Sc, formerly Fellow 

of St John's College, Cambridge ; Mathematical Lecturer at 

King's College. 
AN ELEMENTARY TREATISE ON CURVE TRACING. By 

Percival Frost, M.A. Svo. i2j. 
SOLID GEOMETRY. A New Edition, revised and enlarged, of 

the Treatise by Frost and Wolstenholme. In 2 Vols. Vol. I. 

Svo. its. 

Hemming.— AN elementary treatise on the 

DIFFERENTIAL AND INTEGRAL CALCULUS, for the 
U§e of Colleges and Schools. By G. W. Hemming, M.A., 
Fellow of St. John's College, Cambridge. Second Edition, with 
Corrections and Additions. Svo. 9^. 

Jackson. — geometrical conic sections. An Ele- 
mentary Treatise in which the Conic Sections are defined as the 
Plane Sections of a Cone, and treated by the Method of Pro- 
jection. By J. Stuart Jackson, M.A., late Fellow of Gonville 
and Caius College, Cambridge. Crown 8vo. 4^. 6^/. 

JcUet (John H.).— a TREATISE ON THE THEORY OF 
FRICTION. By John H. Jellet, B.D., Provost of Trinity 
College, Dublin; President of the Royal Irish Academy. Svo. 
&r. (}d. 



MATHEMATICS. 29 



Johnson.— INTEGRAL CALCULUS, an Elementary Treatise 

on the ; Founded on the Method of Rates or Fluxions. By 

' William WoolseY Johnson, Professor of Mathematics at the 

United States Naval Academy, Annopolis, Maryland. Demy 

8vo. &r. 

Kelland and Tait. — INTRODUCTION TO QUATER- 
NIONS, with numerous examples. By P. Kelland, M.A., 
F.R.S., and P. G. Tait, M.A., Professors in the Department of 
Mathematics in the University of Edinburgh. Second Edition. 
Crown 8vo. *js. 6d, 

Kempe.— HOW to draw a straight line : a Lecture 
on Linkages. By A. B. Kempe. With Illustrations. Crown 8vo. 
IS, 6d, {Nature Series,) 

Lock.— elementary trigonometry. By Rev. J. B. 
Lock, M.A., Senior Fellow, Assistant Tutor and Lecturer in 
Mathematics, of Gonville and Caius College, Cambridge; late 
Assistant-Master at Eton, Globe 8vo. 41. 6d, 
HIGHER TRIGONOMETRY. By the same Author. Globe 8vo. 
3J. 6d. 
Both Parts complete in One Volume. Globe 8vo. 7^. 6d, 

Lupt on. —ELEMENTARY CHEMICAL ARITHMETIC. With 
1,100 Problems. % Sydney Lupton, M.A., Assistant-Master 
in Harrow School. Globe 8vo. ^s, 

Macfarlane,— PHYSICAL ARITHMETIC. By Alexander 
Macfarlane, D.Sc, Examiner in Mathematics in the University 
of Edinburgh. Crown 8vo. [In the press, 

Mcrriman.— ELEMENTS OF THE METHOD OF LEAST» 
SQUARE. By Mansfield Merriman, Ph.D., Professor of 
Civil and Mechanical Engineering, Lehigh University, Bethlehem, 
Penn. Crown 8vo. *js. 6d, 

Millar.— ELEMENTS OF DESCRIPTIVE GEOMETRY. By 
J. B. Millar, C.E., Assistant Lecturer in Engineering in Owens 
College, Manchester. Crown 8vo. 6s, 

Milne. — weekly problem papers. By Rev. John J. 
Milne, M. A. Fcap. 8vo. [In the press, 

Morgan.— A collection of problems and ex- 
amples IN MATHEMATICS. With Answers. By H. A. 
Morgan, M.A., Sadlerian and Mathematical Lecturer of Jesus 
College, Cambridge. Crown 8vo. 6s, 6d, 

Muir. — A TREATISE ON THE THEORY OF* DETERMl- 
NANTS. With graduated sets of Examples. For use in 
Colleges and Schools. By Thos. Muir, M.A., F.R.S.E., 
Mathematical Master in the High School of Glasgow. Ct&mi 
8vo. *js,6iL 
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Parkinson.— AN elementary treatise on me- 
chanics. For the Use of the Junior Classes at the University 
and the Higher Classes in Schools. By S. Parkinson, D.D., 
F.R.S., Tutor and Fraelector of St. John's College, Cambridge. 
With a Collection of Examples. Sixth Edition, revised. Crown 
8vo. 9J. 6d, 

Phear.— ELEMENTARY HYDROSTATICS. With Numerous 
Examples. By J. B. Phear, M.A., Fellow and late Assistant 
Tutor of Clare College, Cambridge. New Edition. Crown Svb. 
5x. 6d, 

Pirie.— LESSONS ON RIGID DYNAMICS. By the Rev. G. 
PiRlE, M.A., late Fellow and Tutor of Queen's College, Cam- 
bridge ; Professor of Mathematics in the University of Aberdeen. 
Crown 8vo. dr. » 

Pucklc— AN ELEMENTARY TREATISE ON CONIC SEC- 
TIONS AND ALGEBRAIC GEOMETRY. With Numerous 
Examples and Hints for their Solution ; especially designed for the 
Use of Beginners. By G. H. Puckle, M.A. New Edition, 
revised and enlarged. Crown 8vo. 7^. 6d, 

Rawlinson. — ^elementary statics. By the Rev. George 
Rawunson, M. a. Edited by the Rev. Edward Sturges, M.A. 
Crown 8vo. 4;. 6d, 

Reynolds.— MODERN metuods in elementary 

GEOMETRY. By E. M. Reynolds, M.A., Mathematical 
Master in Clifton College. Crown 8vo. 3^. 6d, 

Reuleaux.— THE kinematics of I^ACHINERY. Out- 
lines of a Theory of Machines. By Professor F. REUtEAUX. 
Translated and Edited by Professor A. B. W. Kennedy, C.E. 
With 450 Illustrations. Medium 8vo. 21s. 

Rice and Johnson differential calculus, an 

Elementary Treatise on the ; Founded on the Method of Rates or 
Fluxions. By John Minot Rice, Professor of Mathematics in 
the United States Navy, and William Wooi:,sey Johnson, Pro- 
fessor of Mathematics at the United Sitates Naval Academy. 
Third Edition, Revised and Corrected. Demy 8vo. iSs. 
Abridged Edition, 8x. 

Robinson.— TREATISE ON MARINE SURVEYING. Pre- 
pared for the use of younger Naval Officers. With Questions for 
Examinations and Exercises principally from the Papers <^ the 
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RobinSOn^confinued)-' 

Royal Naval College. With the results. By Rev. John L. 
Robinson, Chaplain and Instructor in the Royal Naval College, 
Greenwich. With Illustrations. Crown 8vo. Js. 6d. 
Contents. — Symbols used in Charts and Surveying— The Construction and Use 
of Scales — Laying oflf Angles — Fixing Positions by Angles — Charts and Chart- 
Drawing— Instruments and Observing — Base Lines— Triangulation — Levelling— 
Tides and Tidal ^ Observations— Soundings — Chronometers — Meridian Distances 
—Method of Plotting a Survey^Miscellaneous Exercises — ^Index. 

Routh. — Works by Edward John Routh, M. A., F.R.S., D.Sc, 
late Fellow and Assistant Tutor at St Peter's College, Cambridge j 
Examiner in the University of London. 

A TREATISE ON THE DYNAMICS OF THE SYSTEM OF 
RIGID BODIES. With numerous Examples. Fourth and 
enlarged Edition. Two Vols. Vol. I. — Elementary Parts. 8vo. 
I4r. Vol.11. — The Higher Parts. 8vo. [In the press, 

STABILITY OF A GIVEN STATE OF MOTION, PAR- 
TICULARLY STEADY MOTION. Adams* Prize Essay for 
1877. 8vo. 8j. 6d, 

Smith (C.).— CONIC SECTIONS. By Charles Smith, M. A., 
Fellow and Tutor of Sidney Sussex College, Cambridge. Second 
Edition. Crown 8vo. '*is, 6d, 

Snowball— THE elements of plane and SPHERI 

CAL TRIGONOMETRY ; with the Construction and Use of 
Tables of Logarithms. By J. C. Snowball, M.A. New Edition. 
Crown 8vo. 7-^', 6^* 

Tait.and Steele,— a treatise on dynamics of a 

PARTICLE. With numerous Examples. By Professor Tait 
and Mr. Steele. Fourth Edition, revised. Crown 8vo. 12s. 

Thomson.— A TREATISE ON THE MOTION OF VORTEX 
RINGS. An Essay to which the Adams Prize was adjudged in 
1882 in the University of Cambridge. By J. J. Thomson, Fellow 
and Assistant Lecturer of Trinity College, Cambridge. With 
Diagrams. 8vo. 6j. 

Todhunter. — Works by I. Todhunter, M.A., F.R.S., D.Sc, 
late of St. John's College, Cambridge. 

" Mr. Todhunter is chiefly known to students of Mathematics as the author of a 
series of admirable mathematical text-books, which possess the rare qualities of being 
clear in style and absolutely free from mistakes, typographical and other." — 
Saturday Review. 

TRIGONOMETRY FOR BEGINNERS. With numerous 
Examples. New Edition. i8mo. 2s, 6d. 

KEY TO TRIGONOMETRY FOR BEGINNERS. Crown 8va 
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Todhunter. — Works by I. Todhunter, M.A., &c. {continuedy^ 

MECHANICS FOR BEGINNERS. With numerous Examples. 
New Edition. i8mo. 4J. 6d. 

KEY TO MECHANICS FOR BEGINNERS. Crown 8vo. 

dr. 6d. 
AN ELEMENTARY TREATISE ON THE THEORY OF 

EQUATIONS. New Edition, revised. Crown 8vo. 7^. 6d. 

PLANE TRIGONOMETRY. For Schools and Colleges. New 
Edition. Crown 8vo. $s, 

KEY TO PLANE TRIGONOMETRY. Crown 8vo. loj. 6d. 

A TREATISE ON SPHERICAL TRIGONOMETRY. New 
Edition, enlarged. Crown 8vo. 4J. (>d, 

PLANE CO-ORDINATE GEOMETRY, as applied to the Straight 
Line and the Conic Sections. With numerous Examples. New 
Edition, revised and enlarged. Crown 8vo. *js. 6d. 

A TREATISE ON THE DIFFERENTIAL CALCULUS. With 
numerous Examples. New Edition. Crown 8vo. lOr. 6d. 

A TREATISE ON THE INTEGRAL CALCULUS AND ITS 
APPLICATIONS. With numerous Examples. New Edition, 
revised and enlarged. Crown 8vo. idj. 6d, 

EXAMPLES OF ANALYTICAL GEOMETRY OF THREE 
DIMENSIONS. New Edition, revised. Crown 8vo. 4r. 

A TREATISE ON ANALYTICAL STATICS. With numerous 
Examples. New Edition, revised and enlarged. Crown 8vo. 
loj. 6^!. 

A HISTORY OF THE MATHEMATICAL THEORY OF 
PROBABILITY, from the time of Pascal to that of Laplace. 
8vo. i8j. 

RESEARCHES IN THE CALCULUS OF VARIATIONS, 
principally on the Theory of Discontinuous Solutions : an Essay to 
which the Adams* Prize was awarded in the University of Cam- 
bridge in 1871. 8vo. 6s. 

A HISTORY OF THE MATHEMATICAL THEORIES OF 
ATTRACTION, AND THE FIGURE OF THE EARTH, 
from the time of Newton to that of Laplace. 2 vols. 8vo. 24J. 

AN ELEMENTARY TREATISE ON LAPLACE'S, LAME'S, 
AND BESSEL'S FUNCTIONS. Crown 8vo. ioj. 6d. 

Wilson (J. M.).— SOLID GEOMETRY AND CONIC SEC- 
TIONS. With Appendices on Transversals and Harmonic Division. 
For the Use of Schools. By Rev. J. M. Wilson, M.A. Head 
Master of Clifton College. New Edition. Extra fcap. 8vo. 3^. 6d. 
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Wilson .—GRADUATED EXERCISES IN PLA^E TRI- 
GONOMETRY. Compiled and arranged by T. Wilson, M.A., 
and S. R. Wilson, B.A. Crown 8vo. 4s, 6a, 

"The exercises seem beautifully graduated and adapted to lead a student on most 
gently and pleasantly."— E. J. Routh, F.R.S., St. Peter's College, Cambridge. 

(See also Elementary Geometry,) 

Wilson (W. P.).— A TREATISE ON DYNAMICS. By W. 
P. Wilson, M.A., Fellow of St. John's College, Cambridge, and 
Professor of Mathematics in Queefi's College, Belfast. 8vo. 
gs, 6d, 

Woolwich Mathematical Papers, for Admission into 

the Royal Military Academy, Woolwich, 1880—1883 inclusive. 
Croipvn 8vo. 3^. 6d. 

Wolstenholme.— MATHEMATICAL PROBLEMS, on Sub- 
jects included in the First and Second Divi.sions of the Schedule of 
subjects for the Cambridge Mathematical Tripos Examination. 
Devised and arranged by Joseph Wolstenholme, D.Sc, late 
Fellow of Christ's College, sometime Fellow of St. John's College, 
and Professor of Mathematics in the Royal Indian Ehgineering 
College. New Edition, greatly enlarged. 8vo. i8j. 
EXAMPLES FOR PRACTICE IN THE USE. OF SEVEN- 
FIGURE LOGARITHMS. By the same Author. [Jn preparation. 
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(i) Natural Philosophy, (2) Astronomy, (3) 
Chemistry, (4) Biology, (5) Meaicine, (6) Anthro- 
pologyj (7) Physical Geography and Geology, (8) 
Agriculture, (9) Political Economy, (10) Mental 
and Moral Philosophy. 

NATURAL PHILOSOPHY. 

Airy. — ^Works by Sir G. B. Airy, K.C.B., formerly Astronomer- 

Koyal : — 
UNDULATORY THEORY OF OPTICS. Designed for the Use 

of Students in the University. New Edition. Ctown 8vo. dr. 6t/. 
ON SOUND AND ATMOSPHERIC VIBRATIONS. With 

the Mathematical Elements of Music. Designed for th6 Use of 

Students in the University. Second Edition, revised and enlarged. 

Crown 8vo. 9j. . , 
A TREATISE ON AtAGNETtSM. Designed for the Use of 

Students in the University. Crown 8vo. qt, 6d, 

d 
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Airy (Osmond).— a treatise on geometrical 

OPTICS. Adapted for the Use of the Higher Classes in Schools. 
By Osmund Airy, B.A., one of the Mathematical Masters in 
Wellington CoU^^. Extra fcap. 8vo. 3^. 6^. 

Alexander (T.). — elementary applied mechanics. 

Being the simpler and more practical Cases of Stress and Straui 
wrought out individually from first principles by means of Ele- 
mentary Mathematics. By T. Alexander, C.E., Professor of 
Civil Engineering in the Imperial College of Engineering, Tokei, 
Japan. Crown 8vo. Part 1. 4^. 6d, 

Alexander — Thomson. — elementary applied 

MECHANICS. By Thomas Alexander, C.E., Professor of 
Engineering in the Imperial College of Engineering, Tqkei, Japan ; 
and Arthur Watson Thomson, C.E., B.Sc., Professor of 
Engineering at the Royal College, Cirencester. Part II. Trans- 
verse Stress ; upwards of 150 Diagrams, and 200 Examples 
carefully worked out ; new and complete method for finding, at 
every point <^ a beam, the amount of the greatest bending 
moment and shearing force during the transit of any set of loads 
fixed relatively to one another — e,g,, the wheels of a locomotive ; 
continuous beams, &c., &c. Crown 8vo. los, 6d. 

Awdry.— EASY LESSONS ON LIGHT. By Mrs. W. Awdry. 
Illustrated. Extra fcap. 8vo. 2s, 6d, 

Ball (R. S.).— EXPERIIilENTAL MECHANICS. A Course of 
Lectures delivered a^ th(« ftoyal Cplli^ge of Science for Ireland. 
By }i, 3f Ball, M.A., Professor of Applied ^athepnatics and 
^ed^anics in the Royal College of Science for Ireland. Clieaper 
Issue. Royal 8vo. los. 6d. 

Chisholm.— THE SCIENCE OF WEIGHING AND 
MEASURING, AND THE STANDARDS OF MEASURE 
AND WEIGHT. By H.W. CnisifOLV, Waidenof the Standards. 
With numerous Illustrations. Crown 8vo. /^, 6d, {Nature Series, 

ClausiuS.— MECHANICAL THEORY OF HEAT. By R. 
Clausius. Translated by Walter R. Browne, M.A., late 
Fellow of Trinity College, Cambridge. Crown 8vo. loj. &/. 

Cotterill.— A TREATISE ON APPLIED MECHANICS. By 

JAM^ CotteiIILL, M.A., F.R.S., Professor of Applied 
iechanics at the Royal Naval College, Greenwich. With Illas- 
trations. 8vo. [ImnudiaUly, 

Cumming.— AN INTRODUCTION TO THE THEORY OF 
ELECTRICITY. By LiNNiEUS CuMMiNG, M.A., one of the 
Masters of Rugby School. With Illustr4tioq.s. Crown 8vo. 
8f . 6dr. 
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Darnell.— A text-book of the principles of 

PHYSICS. By Alfred Daniell, M.A., D.Sc, Lecturer on 
Physics in the School of Medicine, Edinburgh. With Illustrations. 
Medium 8vo. 2is, % 

Day.— ELECTRIC LIGHT ARITHMETIC. By R. E. Dav. 
M.A., Evening Lecturer in Experimental Physics at King's 
College, London. Pott 8vo. 2s. 

Kverett.— UNITS and PHYSICAL CONSTANTS. By J. D. 
Everett, F.R.S., Professor of Natural Philosophy, Queen's 
College, Belfast. Extra fcap. 8vo. 4s, 6d. 

Gray — absolute measurements in electricity 

AND MAGNETISM. By Andrew Gray, M.A., F.R.S.E., 
Chief Assistant to the Professor of Natural History in the Uni- 
versity of Glasgow. Pott 8vo. 3J. td. 

Huxley. — INTRODUCTORY PRIMER OF SCIENCE. By T. 
H. Huxley, P.R.S., Professor of Natural Histoiy in the Royal 
School of Mines, &c. i8mo. is, 

Kempe.— HOW to draw a straight line ; a Lecture 
on Linkages. By A. B. Kempe. With Illustrations. Crown 
8vo. IS, 6d, (Nature Series,) 

Kennedy.— MECHANICS OF machinery. By A. B. W. 

Kennedy, M.Inst.C.E., Professor of Engineering and Mechani- 
pal Technology in University College, London. With Illus- 
trations. Crown 8vo. [In the press, 
tang.— EXPERIMENTAL PHYSICS. By P. R. Scott Lang. 
M. A., Professor of Mathematics in the University of St. Andrews. 
. Crown 8vo. [In preparfttion, 

Lupt on. —NUMERICAL TABLES AND CONSTANTS IN 
ELEMENTARY SCIENCE. By Sydney Lupton, M.A., 
F. C.S., F.I.C., Assistant Master at Harrow School. Extra fcap. 
8vo. 2S, 6d, 

Macfarlane,— PHYSICAL arithmetic. By Alexander 
Macfarlane, D.Sc, Examiner in Mathematics in the University 
of Edinburgh. [In the press, 

Martineau (Miss C. A.).— EASY LESSONS on heat. 

By Miss C. A. Martineau. Illustrated. Extra fcap. 8vo. 2J. 6^. 

^ayer. — sound : a Series of Simple, Entertaining, and Inex- 
pensive Experiments in the Phenomena of Sound, for the Use of 
Students of every age. By A. M. Mayer, Professor of Physics 
in the Stevens Institute of Technology, &c. Witli numerous 
Illustrations, Crown 8vo. £r. 6</. (Nature Series.) 

dz 
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Mayer and Barnard— light : a Series of Simple, Entet- 

tainiDg, and Inexpensive Experiments in the Phenomena of Light, 
for the Use of Students of every age. By A. M. Mayer and C. 
Barnard. With numerous Illustrations^ Crown 8vo. is, 6d, 
{Nature Series.) 

i^ewtori. — PRINCIPIA. Edited by Professor Sir W. Thomson 
and Professor Blackburne. 4to, cloth. 31J. 6d, 

THE FIRST THREE SECTIONS OF NEWTON'S PRIN- 
CIPIA. With Notes and Illustrations. Also a Collection of 
Problems, principally intended as Examples of Newton's Methods. 
By Percival Frost, M.A. Third Edition. 8vo. 12s. 

Parkinson. — A TREATISE ON OPTICS. By S. Parkinson, 
D.D., F.R.S., Tutor and Prselector of St. John's College, Cam- 
bridge. Fourth Edition, revised and etllarged. Crown 8yo. ids. 6d. 

Perry. — STEAM. AN ELEMENTARY TREATISE. By 
John Perry, C.E., Whitworth Scholar, Fellow of the Chemical 
Society, Lecturer in Physics at Clifton College, With numerous 
Woodcuts and Numerical Examples and Exercises. i8mo. 4s. 6d. 

Ramsay.— EXPERIMENTAL proofs of CHEMICAL 
THEORY FOR BEGINNERS. By WiLtiAM Ramsay; Ph.D., 
Professor of Chemistry in University College, BristoL Pdtt 8vo. 

Rayleigh.— THE THEORY OF SOUND. By Lord Rayleigh, 
M.A., F.R.S., formerly Fellow of Trinity College, Cambridge, 
8vo. Vol. I. 12J. 6^. Vol. It. 12s. 6d. [Vol. HI. in th^ press. 

Reuleaux.— THE kinematics of Machinery. Out- 
lines of a Theory of Machines. By Professor F. Reuleaux. 
TransLited and Edited by Professor A. B. W. Kennedy, C.E. 
With 450 Illustrations. Medium 8vo. 2Ij. 

Shann.— AN elementary treatise on heat, in 

RELATION TO STEAM AND THE STEAM-ENGINE. 
By G. Shann, M.A. With Illustrations. Crowtt 8vo.4f. 6d. 

SpOttiswOOde.— polarisation of light. By the late 
W. Spottiswoode, P.R.S. With many Illustrations. New 
Edition. Cro\^n 8vo. 3^. 6d. (Nature defies,) 

Stewart (Balfour). — Works by Balfour Stewart, F.R.S., 
Professor of Natural Philosophy in the Victoria University the 
Owens College, Manchester. 

PRIMER OF PHYSICS. With numerous Illustrations. New 
Edition, with Questions. i8mo. is, {Science Prinurs.) 
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Stewart (Balfour).— WorJcs by {conHnued)^ 

LESSONS IN ELEMENTARY PHYSICS. Wit?i pumerous 
Illustrations and Chromolitho of the Spectra of the Sun, Stars, 
and Nebulae. New Edition. Fcap. 8vo. 4?. 6d. 

QUESTIONS ON BALFOUR STEWART'S ELEMENTARY 
LESSONS IN PHYSICS. By Prof. Thomas H. Core, Owens 
Coll^;e, Manchester. Fcap. 8vo. 2s, 

Stewart— Gee.— PRACTICAL physics, elementary 

LESSONS IN. By Professor Balfour Stewart, F.R.S., and 
W. Haldane Gee. Fcap. 8vo. 

Part I. General Physics. [Nearly ready. 

Part II. Optics, Heat, and Sound. Vn preparation. 

Part III. Electricity and Magnetism, [/» preparation, 

Stokes. — ON LIGHT. Burnett Lectures. First Course. On the 
Nature of Light. Delivered in Aberdeen in November 1883. 
By George Gabriel Stokes, M.A., F.R.S., &c., Fellow of 
Pembroke College, and Luca?ian Professor of Mathematics in the 
University of Cambridge. Crown 8vo. 2s, 6d, 

Stone.— AN ELEMENTARY TREATISE ON SOUND. :Py 
W. H. Stone, M.B. With Illustrations. i8mo. 3J. 6d, 

Tait. — HEAT. By P. G. Tait, M.A., Sec. R.S.E., Formerly 
Fellow of St.. Peter's College, Cambridge, Professor of Natural 
Philosophy in the University of Edinburgh. Crown 8vo. 6s, 

Thompson. — ELEMENTARY LESSONS IN ELECTRICITY 
AND MAGNETISM. By Silvanus P. Thompson. Pro- 
fessor of Experimental Physics in University College, Bristol. 
With Illustrations. Fcap. 8vo. 4J. 6d, 

Thomson-— ELECTROSTATICS AND MAGNETISM, RE- 
PRINTS OF PAPERS ON. By Sir William Thomson, 
D.C.L., LL.D,, F.R.S., F.R.S.E., Fellow of St. Peter's College, 
Cambridge, and Professor of Natural Philosophy in the University 
of Glasgow. Second Edition. Medium 8vo. i8j. 

Thomson.— THE motion of vortex RINGS, A 
TREATISE ON. An Essay to which the Adams Prize was 
adjudged in 1882 in the University of Cambridge. By J. J. 
Thomson, Fellow and Assistant-Lecturer of Trinity College, 
Cambridge. With Diagrams. 8vo. • 6j. 

Todhunter.— NATURAL PHILOSOPHY FOR BEGINNERS. 
By I. Todhunter, M.A., F.R.S., D.Sc. 
Part I. The Properties of Solid and Fluid Bodies. i8mo. 3J. 6d, 
Part II. Sound, Light, and Heat. i8mo. 3^. 6d, 
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Wright (Lewis). — LIGHT ; A COURSE OF £XPE:RI- 
MENTAL OPTICS, CHIEFtY WITH THE LANTERN. 
fiy Lswis AVright. With nearly 300 En^vin^s and Colottfed 
Plates. Crown 8vo. 7j. 6d, 

ASTRONOMY. 

Airy.— POPULAR ASTRONOMY. With Illustrations by Sir 
G. B. Airy, K.C.B., formerly Astronomer-Royal. New E(Ution. 
i8mo. 4^. 6d, 

Foi-bfcS.— TRANSIT OF VENUS. By G. foRBESi M. A., 
Professor of Natural Philosophy in the Andersonian University, 
Glasgow. lUustrated. Crown 8vo. p. 6d, {ligature Stria.) 

Godfray. — ^Works by Hugh Godfray, M.A., MathematicaJ 
Lecturer at Pembroke College, Cambridge. 

A TRfeATISE ON ASTRONOMY, for the Use of Colleges and 

School?. New Edition. 8vo. I2s. 6d. 
AN ELEMENTARY TREATISE ON THE Lt^TAR THEORY, 

with a Brief Sketch of the Problem up to the time of Newton. 

Second Edition, revised. Crown 8vo. 5j. 6d, 

Lockyer. — ^Works by J. Norman Lockyer, F.R.S. 

PRIMER OF ASTRONOMY. Witji numerous IHustrations. 
New Edition. i8mo. is, {Science J^niers,) 

ELEMENTARY LESSONS IN ASTRONOMY. With Coloured 
Diagram of the Spectra of the Sun, Stars, and Nebulae, and 
numerous Illustrations. New Edition. Fcap. 8vo.. $s, 6d. 

QUESTIONS ON LOCKYER'S ELEMENTARY LESSONS IN 
ASTRONOMY. For the Use of Schools. By John Forbes- 
Robertson. i8mo, cloth limp. is. 6d. 

THE SPECTROSCOPE AND ITS APPLICATIONS. With 
Coloured Plate and numerous Illustrations. New Edition. Crown 
8vo. 3J. 6d. 

Newcomb.— POPULAR ASTRONOMY. By S. Newcomb, 

LL.D., Professor U.S. Naval Observatory. With 1 12 Illustrations 

and 5 Maps of the Stars. Second Edition, revised. 8vo. i%s. 

" It is unlike anything else of its kind, and will be of more use in circulating a 
knowledge of Astronomy than nine-tenths of the books which have appeared on the 
subject of late years."— Saturday Review. 

CHEMISTRY. 

Fleischer.— A system of VOLUMETRIC ANALYSIS. 
Translated, with Notes and Additions, from the Secotid GeCtnan 
Edition, by M. M. Pattison Mmfi, F.R.S.E. With Illustiadons. 
Crown 8vo. 'js. 6d. 
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Jones. — Works by FRANCIS Jones, F.R.S.E., F.C.S., Chemical 
Master in the Grammat' School, Manchester. 

THE OWENS COLLEGE JUNIOR COURSE OP PRAC- 
TICAL CHEMISTRY. With Preface by Professor RoscoE, and 
Illustrations. New Edition. i8mo. 2s. 6d, 

QUESTIONS ON CHEMISTRY. . A Series of Problems and 
Exercises in Inorganic and Organic Chemistry. Fcap. 8vo. 3^. 

Landaiier.— BLOWPIPE analysis. By j. LANpAt^ER. 

Authorised English Edition by J. TAYLOft and W. E. Kay, of 
Owens College, Manchester. Extra fcap. 8vb. 4r. 6d, 

Luptod.— ELEMENTARY CHEMtCAL ARITHMETIC. With 
1,100 Problems. By Sydney Lupton, M.A., Assistant-Master 
at Harrow. Extra fcap. 8to. $s. 

Muir.— PRACTICAL CHEMISTRY FOR MEDICAL STU- 
DENTS. Specially arranged fof the first M.B. Cotirse. By 
M. M. Pattison Muir, F.R.S.E. Fcap. 8vo. is, 6d, 

RoSCOe.— Works by H. E. RoscoE, F.R.S. Proftssdr of Cheinistty 
in .tte Victoria University the Owens College, Matnchester. 

PRIMER OF CHEMISTRY* With numerous Illustrations, i^ew 
Edition. With Questions. i8mo. is. (Sciente Primers): 

LESSONS IN ELEMENTARY CHEMISTRY, INORGANIC 
AND ORGANIC. With numerous Illustrations and Chromolitho 
of the Solar Spectrum, sind of the Alkalies and Alkaline Earths. 
New Edition. Fcap. 8vo. 4J. 6d, 

A SERIES OF CHEMICAL PROBLEMS, pfeparfed with Spfccia! 
Reference to the foregoing, by T. E. Thorpe, Ph.D., Professor 
of Chemistry in the Yorkshire College of Science, Leeds, Adapted 
for the Preparation of Students for the Government, Science, and 
Socifety ttf Arts Examinations. With a Prefacfe by Professor 
RoscoE, F.R.S. New Edition, with Key. l8mo. 2j. 

Roscoe aftd Sehorlemmer. — Inorganic And or- 
ganic CHEMISTRY. A Complete Treatise on Inorganic and 
Organic Chemistry. By Professor H.. E. RoscoE, F.R.S., and 
Professor C. ScHORLEMMER, F.R.S. With numerous Illustrations. 
Medium 8vo. 

Vols. I. and II.— INORGANIC CHEMISTRY. 

Vol. I.— The Non-Metallic Elements. 2is. VoL II. Pdrt 1.— 
Metals. i8x. Vol. II. Part II.— Metals. 18/. 

Vol. IIL— ORGANIC CHEMISTRY. Two Parts. 
TrtE CHEMISTRY OF THE HYDROCARBONS and their 
Derivatives, or ORGANIC CHEMISTRY. With numerous 
Illustralions. Medium 8vo. 21s. each. 
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Schorlemmer. — ^a manual of the chemistry of 

THE CARBON COMPOUNDS, OR ORGANIC CHE- 
MISTRY. By C. Schorlemmer, F.R.S., Professor of Che- 
mistry in the Victoria University the Owens CoUege, Msinchester. 
* With Illustrations. 8vo. 14s, 

Thorpe.— A SERIES OF CHEMICAL PROBLEMS, prepared 
with Special Reference to Professor Roscoe's Lessons in Elemen- 
tary Chemistry, by T. E. Thorpe, Ph.D., Professor of Chemistry 
in the Yorkshire College of Science, Leeds, adapted for the Pre- 
paration of Students for the Government, Science, and Society of 
Arts Examinations. With a Preface by Professor RoscoE. New 
Edition, with Key. i8mo. 2s. 

Thorpe and Riicker.— a treatise on chemical 

PHYSICS. By Professor Thorpe, F.R.S., and Professor 
RucKER, of tl^e Yorkshire College of Science. Illustrated. 
8vo. [In preparadon, 

Wright.— METALS AND THEIR CHIEF INDUSTRIAL 
APPLICATIONS. By C. Alder Wright, D.Sc., &c., 
lecturer on Chemistry in St. Ma^'s Hospital Medical School. 
Extra fcap. Svo. 3j. 6d* 



BIOLOGY. 

Allen. — ON THE COLOUR OF FLOWERS, as lUustrated in 
the British Flora. By Grant Allen. With Illustrations. 
Crown 8vo. y,6d, {Nature Series.) 

Balfour. — A treatise on comparative embry- 

OLOGY. By F. M. Balfour, M.A., F.R.S., Fellow and 
Lecturer of Trinity College, Cambridge. With lUustratioiw. In 
2 vols. 8vo. Vol. I. i8j. Vol. II. 21s, 

Bettany.— FIRST LESSONS IN PRACTICAL BOTANY. 
By G. T. Bettany, M.A., F.L.S., Lecturer in Botany at Gu/s 
Hospital Medical School. i8mo. is, 

Darwin (Charles).— memorial notices of Charles 

DARWIN, F.R.S., &c. By Professor Huxley, P.R.S., G. J. 
Romanes, F.R.S., Archibald Geikie, F.R.S., an4 W. T. 
ThiseltoK Dyer, F.R.S. Reprinted from /future: "Vyith a 
Portrait, ^ngpaved by C. H. Jeens. Crown Svo, Zs» 6^ 
{Nature Series,) 
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Dyer 9n4 Vipes.— the structure of plants. By 

Professor Thiselton Dyer, F.R.S., assisted by Sydney Vines, 
D.Sc., Fellow and Lecturer of Christ's College, Cambridge, and 
F. O. Bower, M. A., Lecturer in the Normal School of Science. 
With numerous Illustrations. [In ikepri^s. 

Flower (W. H.) — an introduction to the oste- 
ology OF THE MAMMALIA. Being the substance of the 
Course of Lectures delivered at the Royal College of Surgeons 
pf England in 1870. By Professor W. H. Flower, F.R.S., 
F.R.C.S. With numerous Illustrations. New Edition, enlarged. 
Crown 8vo. icv. 6d, 

Foster. — Works by Michael Foster, M.D., F.R.S.9 Professor 
of Physiology in the University of Cambridge. 

PRIMER OF PHYSIOLOGY. With numerous Illustrations. 
New Edition. i8mo. i^. 

A TEXT-BOOK OF PHYSIOLOGY. With Illustrations. Fourth 
Edition, revised. 8vo. zis, 

Foster and Balfour.— the elements OF embry- 
ology. By Michael Foster, M.A., M.D., LL.D., F.R.S., 
Professor of Physiology in the University of Cambridge, Fellow 
of Trinity College, Cambridge, and the late Francis M. Balfour, 
M.A., LL.D., F.R.S., Fellow of Trinity CoUcige, Cambridge, 
and Professor of Animal Morphology in the Umver$ity. Second 
Edition, revised. Edited by Adam Sedgwick, M.A., Fellow 
and Assistant Lecturer of Trinity College, Cambridge, ^nd Walter 
Heape, Demonstrator in the Morphological Laboratory of the 
University of Cambridge. With Illustrations. Crown 8vo. los, 6d, 

F^oster and Langley. — a course of elementary 

PRACTICAL PHYSIOLOGY. By Prof. Michael Foster, 
M.D., F.R.S., &c., and J. N. Langley, M.A., F.R.S., Fellow 
of Trinity College, Cambridge. Fifth Edition. Crown 8vo. 7^. 6d, 

Gamgee.— A text-book of the physiological 

CHEMISTRY OF THE ANIMAL BODY. Including an 
Account of the Chemical Changes occurring in Disease. By A. 
Gamgee, M.D., F.R.S., Professor of Physiology in the Victoria 
University the Owens College, Manchester. 2 Vols. 8vo. 
With Illustrations. Vol. I. x8j. [Vol, II. in the press, 

Gegenbaur.— ELEMENTS OF comparative anatomy, 

By Professor Carl Gegenbaur. A Translation by F. Jeffrey 
Bell, B.A. Revised with Preface by Professor E. Ray Lan- 
KESTER, F.R.S. With numprous Illustrations. 8vo. 21;. 
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Gray.— STRUCTURAL BOTANY, t)R ORGANOGRAPHY 
ON THE BASIS OF MORPHOLOGY. To which are added 
the principles of Taxonotoy and Phytography, and a Glossary of 
Botanical Terms. By Professor AsA Gray, LL.D. 8vo. tos, 6d. 

Hooker.— Works by Sir J. D. Hooker, K.C.S.I., C.B., M.D., 
F.R.S. D.C.L. 
PRIMER OF BOTANY. With numerous Illustrations. New 

Edition. i8mo. is. {Science J^mers.) 
THE STUDENT'S FLORA OF THE BRITISH ISLANDS- 
New Edition, revised. Globe 8yo. lOf. 6d. 

Huxley. — Works by Professor Huxley, P.R.S. 
INTRODUCTORY PRIMER OF SCIENCE. l8mo. is. 

{Science Primers.) 
LESSONS IN ELEiiENtAkY PHYSIOLOGY. With numerous 

Illustrations. New Editidn. Fcap. 8vo. 4s. bd. 
QUESTIONS ON HUXLEY'S PHYSIOLOGY FOR SCHOOLS. 

By T. Alcock, M.D. i8mo. is. 6d. 
PRIMER OF ZOOLOGY. i8mo. {Science PriMerf. ) 

[In preparation. 

Huxley and Mdrtin.— a course of practical in 

STRUCTION IN ELEMENTARY BIOLOGY. By Prof(?ssor 
tluxtfiY, P.R.S., assisted by H. N. MArtin, M.B., D.Sc. New 
Edition,- revised. Crown 8yo. 6^. 

Lankestet. — ^Works by Professor E. RAt LANfeESttfc, ^.R.S. 
A tEXt fiOdK OF ZOOLOGY. Crown 8vo. {In preparation. 
DEGENERATION : A CHAPTER IN DARWINISM. Illus- 
trated. Crown Stro. 2s. 6d. {Nature Series,) 

Lubbock. — Works by Sir John Lubbock, M.P., F.R.S., 

D.C.L. 
THE ORIGIN AND METAMORPHOSES OF INSECTS. 

With iwihei-ous Illusttatioiis. New Edition. Crown Svo. y. 6d. 

(Nature Series.) 
ON BRITISH WILD FLOWERS CONSIDERED IN RE- 

LATION TO INSECTS. With numerous Illustrations. New 

Edition. Crown 8vo. 4s. 6d. {Nature Series) » 

M'Kehdriek.— OUTLINES of physiolo&y in its RE- 

LATlOf^S TO MAN. By J. G. M'Kendrick, M.D., F.R.S.E 
With Illustrations. Crown 8vo. 12s, 6d. 

MaHih arid Mdalli*.— on the DISSECTION OF VERTE- 
BRATE ANIMALS. By ProfeSsot H. N. MARTIN and W. A. 
MoAtlt. Crd^iiSVo. [In preparatum. 

(See also page 41.) 
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Miall. — STUDIES IN COMPARATIVE ANATOMY. 
No. I.— The Skull of the ClrbcocHlc : a Manual for Students. By 

L. C. Miall, Professor of Biology in the Yorkshire College and 

Curator of the Leeds Museum. 8vo. 2s. 6d, 
No. II. — Anatomy of the Indian ^'Elephant. By L. C. Miall and 

F. Greenwood. With Illustrations. 8vo. 51. 

Mivart. — Works by St. George Mivart, F.R.S. Lecturer in 

Comparative Anatomy at St. Mary's Hospital. 
LESSONS IN ELEMENTARY ANATOMY. With upwards of 

400 Illustrations. Fcap. 8vo. 6s, 6d, 
THE COMMON FROG. With numerous Illustrdtions. Crown 

8vo. y, 6d, {Nature Series.) 

Muller.— THE FERTILISATION OF FLOWERS. By P^d- 
fessor Hermann Muller. Translated and Edited by D'AftcY 
W. Thompson, B.A., Scholar of Trinity College, Cambridge. 
With a Preface by Charles Darwin, F.R.S. With numerous 
Illustrations. Medium 8vo. 21s, 

Oliver. — Works by DaJjiel Oliver, F.R.S., &c.. Professor of 

Botany in University College, London, &c. 
FIRST BOOK OF INDIAN BOTANY. With numerous lllus- 

trations. Extra fcap. 8vo. 6s. 6d, 
LESSONS IN ELEMENTARY BOTANY. With iiearly 200 

Illustrations. New Edition. Fcap. 8vo. 4r. 6d, 

Parker.— A qouRSE OF instruction in zootomy 

(VERTEBRATA). By T. Jeffrey Parker, B.Sc. London, 
Professor of Biology in the University of Otago, New Zealand* 
With Illustrations. Crown 8vo. 8j. 6d, 

Parker and Bettany.— the MORPHOLOGY OF THE 

SKULL. By Professor Parker and G. T. BErrANY. Illus- 
trated. Crown 8vo. los, 6d. 

Romanes. — ^the scientific evidences of organic 

EVOLUTION. By G. J. Romanes, M.A., LL.D., F.R.S.y 
Zoological Secretary to the Linnean Society. Crown &vo. 2J. 6d, 
{Nature Series.) 

Smith. — Works by John Smith, A.L.S., &c. 
A DICTIONARY OF ECONOMIC PLANTS. Their Histoty, 

Products, and Uses. 8vo. 14J. 
DOMESTIC BOTANY : An Exposition of the Stnictute dtid 

Classification of Plants, and their Uses for Food, Clothing, 

jledicine, and Manufacturing Purposes. With Illustrations. New 

Issue. Crown 8vo. 12s. 65, 
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MEDICINE. 

Brunton. — Works, by T. Lauder Brunton, M.D., Sc.D., 
F.R.C.P.f F.R.S., Examiner in Materia Medica in the University 
of London, late Examiner in Materia Medica in the University of 
Edinburgh, and the Royal College of Physicians, London. ^ 

A TREATISE ON MATERIA MEDICA. 8vo. [In the press. 

TABLES OF MATERIA MEDICA: A Companion to the 
Materia Medica Museum. With Illustrations. New Edition 
Enlarged. 8vo. los. 6d, 

Hamilton. — a text-book of pathology. By d. j. 

Hamilton, Professor of Pathological Anatomy (Sir Erasmus 
Wilson Chair), University of Aberdeen. 8vo. [In preparation, 

Ziegler-Macalister.— TEXT-BOOK OF pathological 

ANATOMY AND PATHOGENESIS. By Professor Ernst 
ZiEGLER of Tubingen. Translated apd Edited for English 
Students by Donald Macalister,M. A., M.B., B.Sc.,M.R.C.P., 
Fellow and Medical Lecturer of St. John's College, Caqibridge. 
With numerous Illustrations. Medium 8vo. Part I. — GENERAL 
PATHOLOGICAL ANATOMY. I2s, 6^. 

Part II.— SPECIAL PATHOLOGICAL ANATOMY. Sections 
I.— VIII. I2J. 6d, [Part III. in preparation. 

ANTHROPOI^OQY. 

Flower.'— FASHION IN DEFORMITY, as Illustrated in the 
Customs of Barbarous and Civilised Races. By Professor 
Flowbr, F.R.S., F.R.C.S. With Illustrations. Crown 8vo. 
2s, 6d. {Nature Series), 

Tylor. — ANTHROPOLOGY. An Introduction to the Study of 
Man and Civilisation. By E. B. Tylor, D.C.L., F.R.S. With 
numerous Illustrations. Crown 8vo. *js, 6d. 

PHYSICAL GEOGRAPHY & GEOLOGY. 

Blanford. — the rudiments of physical geogra- 
phy FOR THE USE OF INDIAN SCHOOLS ; with a 
Glossary of Technical Terms employed. By H. F. BlanfouP, 
F.R.S. New Edition, with Illustrations. Globe 8vo. 2j. &/. 
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Geikie. — Works by Archibalo Geikie, F.R.S., t)ifefctor beneml 

of the Geological Surveys of the United Kingdom. 
PRIMER OF PHYSICAL GEOGRAPHY. With numerous 

Illustrations. New Edition, With Questioiis. i8md. is, 

{Science Primers,) 
ELEMENTARY LESSONS iN PHYSICAL GEOGRAPHY. 

With numerous Illustrations. Fcap. 8vo. 4^. 6d, 

QUESTIONS ON THE SAME. is. 6d, 
PRIMER OF GEOLOGY. With numerous Illustrations. New 

Edition. i8n^o. \s, (Science Primers.) 
ELEMENTARY LESSONS IN GEOLOGV. With Illustrations. 

Fcap. 8to. [In preparaH&H, 

TEXT-BOOK OF GEOLOGY. With numerous Illustrations. 

Svo. 28^. 
OUTLINES OF FIELD GEOLOGY. With lUustratibns. New 

Edition. Extra fcap. 8vo. 3^. (>d, 

Huxley.— PHYSIOGRAPHY. An Introduction to tie Study 
of Nature. By Professor Huxley, P.R.S. With numerous 
Illustrations, and Colotired Plates. New and Cheaper Edition. 
Crown 8vo. dr. 

PhilHpS,-— ORE DEPOSITS: theit Formation and Yield. By 
J. ARtHUR Phillips, F.R.S., F.G.S., F.C.S., M.Inst.C.E., 

Ancien Eleve de I'Ecole des Mines, Paris. With numerous Illus- 
trations. 8vo. \In the press, 

AGRICULTURE. 

Franklaild.— AGRICULTURAL CHElvtiCAL ANALYSIS, 
A Handbdok of. By Percy Faraway Frankland, Ph.D., 
B.Sc, F.C.S., Associate of the Royal School of Mines, and 
Demonstrator of Practical and Agricultural Chemistry in the 
Normal School of Science and Royal School of Mines, South 
Kensington Museum. Founded upon Leitfddenfiir die Agricultur' 
Chemiiche Analyse, von Dr. F. Krocker. Crown 8vo. ^s, 6d, 

Tanner. — Works by Henry Tanner, F.C.S., M.R.A.C., 

Examiner in the Principles of Agriculture under the Government 
Departtnettt of Science ; Director of Education in the Institute of 
Agriculture, South Kensington, London; sometime Professor of 
Ag&dilturtuSciencJe, University College, Aberystwitn. 

FJ EMENTARY LESSONS IN THE SCIENCE OF AGRI- 
CULTURAL PRACTICE. Fcap. 8vo. y. td, 

FIRST PRINCIPLES OF AGRICULTURE. i8mo. is. 
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Calderwood,— HANDBOOK of moral philosophy. 

By the Rev. Henry Calderwood, LL.D., Professor of Moral 
Philosophy, University of Edinburgh. New Edition. Crown 8vo. 

Cliflford.— SEEING AND THINKING. By the late Professor 
W. K. Clifford, F.R.S, With Diagrams. Crown 8vo. y. 6^. 
(Nature Scries,) 

Jevons* — Works by the late W. Stanley Tbvons, Lli.D., M.A., 
F.R.S. 

PRIMER OF LOGIC. New Edition. i8mo. \s, (Science 

Primers,) 
ELEMENTARY LESSONS IN LOGIC ; Deductive and Indue- 

tive, with copious Questions and Examples, and a Vocabulary of 

Logical Terms. New Edition. Fcap. Svo. y. 6d. 
THE PRINCIPLES OF SCIENCE. A Treatise on Logic and 

Scientific Method. New and Revised Edition. Crown Svo. 

I2s, 6J, 
STUDIES IN DEDUCTIVE LOGIC. Crown 8vo. 6s. 

Keynes. — formal logic, studies and Exercises in. Including 
a Generalisation of Logical Processes in tj^eir application to 
Complex Inferences. By John Neville Keynes, M.A., late 
Fellow of Pembroke College, Cambridge. Crown Svo, lor. 6d, 

Robertson.— ELEMENTARY LESSONS IN PSYCHOLOGY- 
By G. Croom Robertson, Professor of Mental Philosophy, &c.* 
University College, London. {In preparation. 

Sidgwick.— THE METHODS OF ETHICS. By Professor 
Henry Sidgwick, M.A., LL.D. Cambridge, &c. Second Edition. 
Svo. I4r. 
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Arnold.— THE ROMAN SYSTEM OF PROVINCIAL AD- 
MINISTRATION TO THE ACCESSION OF CONSTAN- 
TINE THE GREAT. By W. T, Aj^nold, B.A. Crown 

Svo. 6s. 
"Ought to prove a valuable handbook to the student of Romai^ hUtoiry.''^ 
Guardian. 

Bcesly.— STORIES FROM THE HISTORY OF ROME. 
By Mrs. Beesly. Fcap. Svo. zs. 6d. 
'• The attempt appears to us in every way successful. The stories are interesting 
in theauelves, and are told with perfect simplicity and good feelinK.*' — Daily 
Nkws. 
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Tanner, — Works by Hbnry Tannbr, F.C.S., Ac. {conthntid), 

THE PRINCIPLES OF AGRICULTURE. A Series of Rea4in8 
Books for use in Elementary Schools. Prepared by Henry 
Tanner, F. C. S . , M. R. A. C . Extra fcap. 8vo. 

I. The Alphabet of the Principles of Agriculture. 6eL 
II. Further Steps in the Principles of Agriculture, is, 
III. Elementary School Readings on thp Pri^ciples of Agnculture 
for the third stage, u* 

POLITICAL ECONOMY. 

CoSSa,— GUIDE TO THE STUDY OF POLITICAL 
ECONOMY, By Dy. Luigi Gossa, Professor in the University 
of Pavia. Translated from the Second Italian Edition. With a 
Prefivpe by W. Stanley Jevons, F.R.S. Crown 8vo. 4J. 6</. 

Fawcett .(Mrs.).-— Works by MiLLiGENT Garrett Fawcett:— 

POLITICAL ECONOMY FOR BEGINNERS, WITH QUES- 

TIONS. Fourth Edition. i8mo. 2J. 6d. 
TALES IN POLITICAL ECONOMY. Crown 8vo. 3*. 

Fawcett.— A manual of political economy. By 

Rigjht Hon. HpwRY Fawcett, M.P., F.R.S. Sixth Edition, 
revised, with a chapter on ** Stiite Socialism and the Nationalisation 
of the Land," and an Index. Crown Svo. 12^. 

Jevons,— PRIMER OF POLITICAL ECONOMY. By W. 
Stanley Jevons, LL.D., M.A., F.R.S. New Edition. i8mo. 
IS, (Science Primprst) 

Marshall.— THE economics of industry. By A. 

Marshall, M,A., late Principal of University Collie, Bristol, 
and Mary P. Marshall, late Lecturer at Newnham Hall, Cam- 
bridge. Extra fcap. 8vo, 2s, 6d, 

Sidgwick,— THE PRINCIPLES OF POLITICAL ECONOMY. 
3y Professor Henry Sidgwick, M.A., LL.D. Knig^tbridge 
Professor of Moral Philosophy in the University of Cambridge, 
&c., Author of "The Methods of Ethics." Svo. i6s. 

Walker. — political economy. By Francis A. W4X.KER, 
M.A., Ph.D., Author of "The Wages Question," "Money," 
" Mofiey in its Relation to Trade," &c. 8vo. jar. 6d. 

MENTAL & MOkAL PHILOSOPHY. 

Caird.— MORAL philosophy. An Elementary Treatise on. 
By Prof. E. Caird, of Glasgow University. Fcap. 8vo. 

[lii preparaiion. 
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Calderwood*— HANDBOOK of moral philosophy. 

By the Rev. Henry Caldkrwood, LL.D., Professor of Moral 
Philosophy, University of Edinburgh. New Edition. Crown 8vo. 
6s. 

Clifford.— SEEING AND THINKING. By the late Professor 
W. K. Clifford, F,R.S. With Diagrams. Crown 8vo. y. tJ. 
(Nature Scries,) 

Jevons. — Works by the late W. Stanley Jbvons, Ll<.D., M.A., 
F.R.S. 

PRIMER OF LOGIC. New Edition. i8mo. \s, (ScUme 

Primers.) 
ELEMENTARY LESSONS IN LOGIC ; Deductive and Indue- 

tive, with copious Questions and Examples, and a Vocabulary of 

Logical Terms. New Edition. Fcap. 8vo. 3J. 6d. 
THE PRINCIPLES OF SCIENCE. A Treatise on Logic and 

Scientific Method. New and Revised Edition. Crown 8vo. 

izr. 6 J. 
STUDIES IN DEDUCTIVE LOGIC. Crown 8vo. 6j. 

Keynes. — formal logic, studies and Exercises in. Including 
a Generalisation of Logical Processes in t);eir application to 
Complex Inferences. By John Neville Keynes, M.A., late 
Fellow of Pembroke College, Cambridge. Crown 8vo, lar. 6d, 

Robertson.— ELEMENTARY LESSONS IN PSYCHOLOGY. 
By G. Croom Robertson, Professor of Mental Philosophy, &c., 
University College, London. [In pfeparation. 

Sidgwick.— THE METHODS OF ETHICS. By Professor 
Henry Sidgwick, M.A., LL.D. Cambridge, &c. Second Edition. 
8vo. 14J. 
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Arnold.— THE roman system of provincial ad- 
ministration TO THE accession OF CONSJAN- 
tine the great. By W. T. A»NOU>, B.A. Crown 

8vo. 6s, 
"Ought to prove a valuable handbook to the student of Ronum history."— 

GVARDIAM. 

Bcesly.— STORIES from THE HISTORY OF ROME. 

By Mrs. Beesly. Fcap. 8vo. 2s, 6d. 
** The attempt appears to us in every way successful. The stories are ioterestlng 
in thenselves, and are told with perfect siinplicity and good feeling.*' — ^ Daily 
Naws. 
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Brook.— FRENCH HISTORY FOR ENGLIStt cMlLbftEN. 
fiy Sarah Brook. With Ccdotn-ed Maps. Crown 8vo. 6s. 

Clarke.— CLASS-BOOK OF GEOGRAPHY. By C. B. Clarke, 
M.A., F.L.S., F.G.S., F.R.S. New Edition, with Eighteen 
Coloured Maps. Fcap. 8vo. p. 

t*reeman.— OLD-ENGLISH history. By Edward A. 
Freeman, D.C.L., LL.D., late Fellow of Trinity College, 
Oxford. With Five Coloured Maps. New Edition. Extra fcap. 
8vo. &r. 

Fyffc— A SCHOOL HISTORY OF GREECE, By C. A. 
Fyffe, M.A., Fellow of University College, Oxford. Crown 
8vo. [In freparadon. 

Green. — Worlcs by John Richard Green, M.A-, LL.D., 
late Honorary Fellow of Jesus College, Oxford. 

SHORT HISTORY OF THE ENGLISH PEOPLE. With 

Coloured Maps, Genealogical Tables, and Chronological Annals. 

Crown 8vo. 8j. 6d, looth Thousand. 

" Stands alone as the one eeneral history of the coantry, for the sake of which 

all others, if young and old are wise, will be speedily and snrely set aside."— 

ANALYSIS OF ENGLISH HISTORY, based on Green's " Short 

History of the English People." By C. W. A. Tait, M.A., 

Assistant-Master, Clifton CoUejje. Crown 8vo. 3j. 6d. 
READINGS FROM ENGLISH HISTORY. Selected and 

Edited by John Richard Green. Three Parts. Globe 8vo. 

is, 6d, each. I. Hengis<. to Cressy. II. Cressy to Cromwell. 

III. Cromwell to Balaklava. 
A SHORT GEOGRAPHY OF THE BRITISH ISLANDS. By 

John Richard Grekn and Alice Stopford Green. With 

Maps. Fcap. 8vo. y. 6d, 

Grove. — a primer of geography. By Sir George 
GrovB, .D.C.L.i F.R.G.S. With lll^trfitioiis. i9A6. is. 
(Science Primers.) 

Guest. — LECTURES ON THE HISTORY OF ENGLAND. 
By M. J. Guest. With Maps. Crown 8vo. 6s. 
" It is not too much to assert that this is one of the yeiy best class books of English 
History for young students ever published." — Scotsman. 

Historiefll Coarse fdr Schdbls — Edited by Edward a. 

Freeman, D.C.L., late Fellow of Trinity College, Oxford, Regins 
Pi-ofessor of Moderti tlistory in the University of Oxford. 

L— GENERAL SKETCH OF EUROPEAN HISTORY. By 
Edward A. Freeman, D.C.L. New Edition, revised and 
enlarged, with Chronological Table, Maps, and Index. i8mo. y. W. 
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Historical Course for Schools. Continued— 

II.— HISTORY OF ENGLAND. By Edith Thompson. New 
Edition, revised and enlarged, with Coloured Maps. i8mo. 
2s, 6d. 

III.— HISTORY OF SCOTLAND. By Margaret Macarthur. 
New Edition. i8mo. 2s. 

IV.— HISTORY OF ITALY. By the Rev. W. Hunt, M.A. 
New Edition, with Coloured Maps. i8mo. 3J. 6d. 

v.— HISTORY OF GERMANY. By J. Sime, M.A. i8mo. 

VI.— HISTORY OF AMERICA. By John A. Doyle. With 
Maps. i8mo. 4r. 6d, 

VII.— EUROPEAN COLONIES. By E. J. Payne, M.A. With 
Maps. i8mo. 4;. 6d, 

VIII.— FRANCE. By Charlotte M. Yonge. With Maps. 
i8mo. 3J. 6d. 

GREECE. By Edward A. Freeman, D.C.L. [In preparation, 
ROME. By Edward A. Freeman, D.C.L. [In preparation. 

History Primers— Edited by John Richard Green, M.A., 
LL.D., Author of "A Short History of the English People." 

ROME. By the Rev. M. Creighton, M.A., late Fellow and 

Tutor of Merton College, Oxford. With Eleven Maps. i8mo. is, 

"The author has been curiously succesrful in telling in an intelligent way 
the story of Rome from first to last." — School Board Chronicle. 

GREECE. By C. A. Fyffe, M.A., Fellow and late Tutor of 

University College, Oxford. With Five Maps. i8mo. is, 
'* We give our unqualified praise to this little manual." — Schoolmaster. 

EUROPEAN HISTORY. By E. A. Freeman, D.C.L., LL.D. 

With Maps. i8mo. ». 

**The work is always clear, and forms a luminous key to £urox>ean history." 
— School Board Chronicle. 

GREEK ANTIQUITIES. By the Rev. J. P. Mahaffy, M.A. 

Illustrated. i8mo. is, 

** All -that is necessary for the scholar to know is told so compactly yet so fully, 
and in a style so interesting, that it is impossible for even the dullest boy to look 
on this little work in the same light as he regards his other school books." — School- 
master. 

CLASSICAL GEOGRAPHY. By H. F. Tozer, M.A. i8mo. is. 

"Another valuable aid to the studv of the ancient world. ... It contains 
sui eoormous quantity of information packed mto a small space, and at the same time 
oommtuiicatea in a very readable shape."— John Bull. 

e 
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History Primers Continued— 

GEOGRAPHY. By Sir George Grove, D.C.L. With Maps. 
i8mo. is. 

"A model of what such a work should be. . . . We know of no short treatise 
better suited to infuse life and spirit into the dull lists of proper names of which 
our ordinary class-books so often almost exclusively consist." — ^1'i.mes. 

ROMAN ANTIQUITIES. By Professor Wilkins. IUus- 
trated. i8mo. u. 
^ *' A little book that throws a blaze of light on Roman history, and is, moreover 
intensely interesting."— School Boaso Chronicle. 

FRANCE. By Charlotte M. Yonge. i8mo. \s. 

"May be considered a wonderfully successful piece of work. . . ., Its genr/al 
merit as a vigorous and clear sketch, giving in a small space a vivid idea of the 
history of France, remains undeniable."— Saturday Review. 

Hole. — A GENEALOGICAL STEMMA OF THE KINGS OF 
ENGLAND AND FRANCE. By the .Rev. C. Hole. On 
Sheet. Is, 

Kiepert— A MANUAL OF ANCIENT GEOGRAPHY. From 
the German of Dr. H. Kiepert. Crown 8vo. 5j. 

Lethbridge.— A SHORT MANUAL OF THE HISTORY OF 
INDIA. "With an Account of India as it is. The Soil, 
Climate, and Productions ; the People, their Races, Religions, 
Public Works, and Industries; the Civil Services, and System 
of Administration. By Roper Lethbridge, M.A., CLE., 
late Scholar of Exeter Colleo:e, Oxford, formerly Principal of 
Kishnaghur College, Bengal, Fellow and sometime Examiner of 
the Calcutta -University. With Maps. Crown 8vo. 51. 

Michelet.— A summary of modern history. Trans- 
lated from the French of M. Michelet, and continued to the 
Present Time, by M. C. M. Simpson. Globe 8vo. 4^. firf". 

Ott^.— SCANDINAVIAN HISTORY. By E. C. Oxrfi. With 
Maps. Globe 8vo. 6j. 

Ramsay. — A SCHOOL HISTORY OF ROME. By G. G. 
Ramsay, M.A., Professor of Humanity in the University of 
Glasgow. With Maps. Crown 8vo. \In preparation. 

Tait.— ANALYSIS OF ENGLISH HISTORY, based on Green's 
"Short History of the English People." By C. W. A. Tait, 
M.A., Assistant-Master, Clifton College. Crown 8vo. 3J. dd. 

Wheeler. — a SHORT history of india and of the 

FRONTIER STATES OF AFGHANISTAN, NEPAUL, 

AND BURMA. By J. Talboys Wheeler. With Maps. 

Crown 8vo. I2J. 
" It is the best book of the kind we have ever seen, and we recommend it to a plaoi 
in every school library."— Educational Timbs. 
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Yonge (Charlotte M.).— a PARALLEL HISTORY OF 
FRANCE AND ENGLAND : consisting of Outlines and Dates. 
By Charlotte M. Yonge, Author of "The Heir of Redclyffe," 
&c., &c. Oblong 4to. 3^. 6d. 

CAMEOS FROM ENGLISH HISTORY.— FROM ROLLO 
TO EDWARD II. By the Author of " The Heir of Redclyffe.' 
Extra fcap. 8vo. New Edition, 5^. 

A SECOND SERIES OF CAMEOS FROM ENGLISH 
HISTORY. — THE WARS IN FRANCE. New Edition. 
Extra fcap. 8v6. 5j. 

A THIRD SERIES OF CAMEOS FROM ENGLISH HISTORY. 
—THE WARS OF THE ROSES. New Edition. Extra fcap. 
8vo. 5j. 

CAMEOS FROM ENGLISH HISTORY— A FOURTH SERIES. 
REFORMATION TIMES. Extra fcap. 8vo. 5j. 

CAMEOS FROM ENGLISH HISTORY.— A FIFTH SERIES. 
ENGLAND AND SPAIN. Extra fcap. 8vo. 5j. 

EUROPEAN HISTORY. Narrated in a Series of Historical 
Selections from the Best Authorities. Edited and arranged by 
E. M. Sewell and C. M. Yonge. First Series, 1003— 1 154. 
New Edition. Crown 8vo. 6j. Second Series^ 1088 — 1228. 
New Edition. Crown 8vo. dr. 



MODERN LANGUAGES AND 

LITERATURE. 

(i) English, (2) French, (3) German, (4) Modern 
Greek, (5) Italian. 

ENGLISH. 

Abbott. — ^A SHAKESPEARIAN GRAMMAR. An attempt to 
illustrate some of the Differences between Elizabethan and Modem 
English. By the Rev. E. A. Abbott, D.D., Head Master of the 
City of London School. New Edition. Extra fcap. 8vo. 6s. 

e 2 
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Brooke.— PRIMER OF ENGLISH LITERATURE. By the 
Rev. Stopford A. Brooke, M.A. i8mo. is. (Liierature 
Primers,) 

Butler. — HUDIBRAS. Edited, with Introduction and Notes, by 
Alfred Milnes, M.A. Lon., late Fellow of Lincoln College, 
Oxford. Extra' fcap 8vo. Part I. y, 6d. Parts II. and III. 

Cowper's TASK : AN EPISTLE TO JOSEPH HILL, ESQ. ; 
TIROCINIUM, or a Review of the Schools ; and THE HIS- 
TORY OF JOHN GILPIN. Edited, with Notes, by William 
Benham, B.D. Globe 8vo. is, {Globe Readings from Standard 
Authors,) 

Dowden. — SHAKESPEARE. By Professor Dowden. i8mo. 
I J. {Literature Primers,) 

Dry den. —SELECT prose works. Edited, with Introduction 
and Notes, by Professor C. D. Yonge. Fcap. 8vo. zr. 6d, 

Gladstone.— SPELLING reform from an educa- 
tional POINT of view. By J. H. Gladstone, Ph.D., 
F.R.S., Member of the School Board for London. New Edition. 
Crown 8vo. is, 6d, 

Globe Readers. For Standards L— VL Edited by A. F, 
MuRisoN. Sometime English Master at the Aberdeen Grammar 
School. With Illustrations. Globe 8vo. 



Primer I. (48 pp.) 3d, 

Primer II. (48 pp.) 3d. 

Book I. (96 pp.) 6d. 

Book 11. (136 pp.) gd. 



Book III. (232 pp.) ij. 3d. 
Book IV. (328 pp.) is. gd. 
Book V. (416 pp.) 2s, 
Book VI. (448 pp.) 2s. 6d. 



"Among the nuiHercNis sets of readers before the public tht present serie*: is 
honourably distln^ished by the marked superiority of its materials and Ihc 
careful ability with which they have been adapted to t^e growing capacity of the 
pupils. The plan of the two primers is excellent for facihtating the child's first 
attempts to read. In the first three following books there b abundance of enter- 
taining reading Better food for young minds could hardly be foimd." 

The Athenaum. 

♦The Shorter Globe Readers. — with Illustrations. Globe 

8vo. 



Primer I. (48 PP.) 3d, 
Primer II. (48 pp.) 3d. 
Standard I. (92 pp.) 6d. 
Standard II. (124 pp.) gd. 



Standard IIL (178 pp.) is. 
Standard IV. (182 pp.) is. 
Standard V. (216 pp.) i^- 3^- 
Standard VI. (228 pp.) is» 6c/. 



• 1 his Series has been abridged Irom **The Globe Readers" to meet the denaan<i 
for smaller reading books. 
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GLOBE READINGS FROM STANDARD AUTHORS. 

Cowper'STASK: AN EPISTLE TO JOSEPH HILL, ESQ.; 
TIROCINIUM, or a Review of the Schools ; and THE HIS- 
TORY OF JOHN GILPIN. Edited, with Notes, by William 
Benham, B.*D. Globe 8vo. is. 

Goldsmith's VICAR OF WAKEFIELD. With a Memoir of 
Goldsmith by Professor Masson. Globe 8vo. is. 

Lamb's (Charles) tales from Shakespeare 

Edited, with Preface, by Alfred Ainger, M.A. Globe 
8vo. 2S. 

Scott's (Sir Walter) lay of the last minstrel ; 

and THE LADY OF THE LAKE. Edited, with Introductions 
and Notes, by Francis Turner Palgrave. Globe 8vo. is. 
MARMION ; and the LORD OF THE ISLES. By the same 
Editor. Globe 8vo. Is. 

The Children's Garland from the Best Poets.—- 

Selected and arranged by Coventry Patmore. Globe 8vo. 2j. 

Yonge (Charlotte M.). — a BOOK OF GOLDEN DEEDS 
OF ALL TIMES AND ALL COUNTRIES. Gathered and 
narrated anew by Charlotte M. Yonge, th« Author of ** The 
Heir of Redclyffe." Globe 8vo. 2j. 



Goldsmith. — THE traveller, or a Prospect of Society ; 
and THE DESERTED VILLAGE. By Oliver Goldsmith. 
With Notes, Philological and Explanatory, by J. W. Hales, M.A. 
Crown 8vo. 6d. 

THE VICAR OF WAKEFIELD. With a Memoir of Goldsmith 
by Professor Masson. Globe 8vo. u. (Globe Readings from 
Standard Authors.) 

SELECT ESSAYS. Edited, with Introduction and Notes, 1 y 
Professor C. D. Yonge. Fcap. 8vo. 2s. 6d, 

Hales. — LONGER ENGLISH POEMS, with Note?, Philobqcal 
and Explanatory, and an Introduction on the Teaching of English. 
Chiefly for Use in Schools. Edited by J. W. PI ales, M.A., 
Professor of English Literature at King*s College, London. New 
Edition. Extra fcap. 8vo. 4r. 6d. 
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Johnson's lives of the poets. The six Chief Lives 
(Milton, Dryden, Swift, Addison, Pope, Gray), with Macaiilay's 
" Life of Johnson." Edited with Preface by Matthew Arnold. 
Crown 8vo. 6s. 

Lamb (Charles).— tales FROM SHAKESPEARE. Edited, 
with Preface, by Alfred Ainger, M.A. Globe 8vo. 2s. 
{Giobe Readings from Standard Authors,) 

Literature Primers — Edited by John Richard Green, 
M. A;,(LL.D., Author of "A Short History of the English People." 

ENGLISH COMPOSITION. By Professor Nichol. i8mo. is. 

ENGLISH GRAMMAR. By the Rev. R. Morris, LL.D., some 
time President of the Philological Society. i8mo, cloth, is. 

ENGLISH GRAMMAR EXERCISES. By R. Morris, LL.D., 
and H. C. BowEN, M.A. i8mo. is, 

EXERCISES ON MORRIS'S PRIMER OF ENGLISH 
GRAMMAR. By John Wetherell, of the Middle School, 
Liverpool College. i8mo. is, 

ENGLISH LITERATURE. By Stopford Brooke, M.A. New 
Edition. i8mo. is. 

SHAKSPERE. By Professor Dowden. i8mo. is. 

THE CHILDREN'S TREASURY OF LYRICAL POETRY. 
Selected and arranged with Notes by Francis Turner Pal- 
grave. In Two Parts. i8mo. is. each. 

PHILOLOGY. By J. Peile, M.A. i8mo. is. 

In preparation ;— 

HISTORY OF THE ENGLISH LANGUAGE. By J. A. II. 
Murray, LL.D. 

SPECIMENS OF THE ENGLISH LANGUAGE. To Illustnite 
the above. By the same Author. 

Macmillan's Reading Books. — Adapted to the English aij<i 

Scotch Codes. Bound in Cloth. 

PRIMER. i8mo. (48 pp.) 2d. 

BOOK I. for Standard I. i8mo. (96 pp.) 4</. * 

II. „ II. i8mo. (144 pj).) 5</. 

HI. ,, III. i8mo. (160 pp.) 6d. 

IV. „ IV. i8mo. (176 pp.) &/. 

V. „ V. i8mo. (380 pp.) IS. 



9* 
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Macmillan's Reading- Books Continued— 

BOOK VI. for Standard VI. Crown 8vo. (430 pp.) 2s. 

Book VI. is fitted for higher Classes, and as an Introduction to 

English Literature. 

"They are far above any others that have appeared both in form and substance. 
. . The editor of the present series has rightly seen that reading books must 
^m chiefly at giving to the pupils the power of accurate, and, if possible, apt 
and skilful expression; at cultivating in them a good literary taste, and at arous- 
ing a desire of further reading.' Tins is done by taking care to select the extracts 
from true English classics, going up in Standard VI. course to Chaucer, Hooker, and 
Baccn, as well as Wordsworth, Macaulay, and Froude, . . . This is quite on the 
n'?ht track, and indicates justly the ideal which we ought to set before us." — 
I Guardian. 

I 

Macmillan's Copy-Books — 

Published in two sizes, viz. : — 

1. Large Post 4to. Price 4^. each. 

2. Post Oblong. Price 2d, each. 

1. INITIATORY EXERCISES AND SHORT LETTERS. 

2. WORDS CONSISTING OF SHORT LETTERS. 

*3. LONG LETTERS. With words containing Long Letters- 
Figures. 

*4. WORDS CONTAINING LONG LETTERS. 

4a. PRACTISING AND REVISING COPY-BOOK. For Nos. 

I to 4. 

•5. CAPITALS AND SHORT HALF-TEXT. Words beginning 
with a Capital. 

♦6. HALF-TEXT WORDS beginning with Capitals— Figures. 

♦7. SMALL-HAND AND HALF-TEXT. With Capitals and 
Figures. 

*8. SMALL-HAND AND HALF-TEXT. With Capitals and 

Figures. 

8a. PRACTISING AND REVISING COPY-BOOK. For Nos. 

5 to 8. 

♦9. SMALL-HAND SINGLE HEADLINES— Figures. 

10. SMALL-HAND SINGLE HEADLINES— Figures. 

11. SMALL-HAND DOUBLE HEADLINES— Figures. 

12. COMMERCIAL AND ARITHMETICAL EXAMPLES, &c. 
12a. PRACTISING AND REVISING COPY-BOOK. For Nos. 
8 to 12. 

* Thesi numbers may be had with GoodmatCs Patent Sliding 
Copies, Large Post 4to. Price (id, each. 
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Martin.— THE POET'S HOUR : Poetry selected and arranged 
for Children. By Frances Martin. New Edition. i8mo. 

2J. (id. 

SPRING-TIME WITH THE POETS : Poetry selected by 
Frances Martin. New Edition. i8mo. . 3/. dd. 

Milton. — By Stopford Brooke, M.A. Fcap. 8vo. u. dd, 
(Classical Writers Series.) 

Morris. — Works by the Rev. R. Morris, LL.D. 

HISTORICAL OUTLINES OF ENGLISH ACCIDENCE, 
comprising Chapters on the History and Development of the 
Language, and on Word-formation. New Edition. Extra fcap. 
8vo. 6s. 

ELEMENTARY LESSONS IN HISTORICAL ENGLISH 
GRAMMAR, containing Accidence and Word-formation. New 
Edition. iSmo. 2s. 6d. 

PRIMER OF ENGLISH GRAMMAR. i8mo. is. (See also 
Literature Primers.) 

Oliphant. — the OLD AND MIDDLE ENGLISH. A New 
Edition of "THE SOURCES OF STANDARD ENGLISH," 
revised and greatly enlarged. By T. L. Kington Oliphant. 
Extra fcap. 8vo. 91. 

Palgrave.— THE children's treasury of lyrical 

POETRY. Selected and arranged, with Notes, by Francis 
Turner Palgrave. i8mo. 2j. 6d. Also in Two Parts. 
i8mo. Is. each. 

Patmore. — ^the children's garland from the 

BEST POET'S. Selected and arranged by Coventry Patmore. 
Globe 8vo. * 2s. {Globe Readings from Standard Authors.) 

Plutarch. — Being a Selection from the Lives which Illustrate 
Shakespeare. North's Translation. Edited, mth Introductions, 
Notes, Index of Names, and Glossarial Index, by the Rev. W. 
W. Skeat, M.A. Crown 8vo. 6s. 

Scott's (Sir Walter) LAYOFTHE LAST MINSTREL; 
and THE LADY OF THE LAKE. Edited, with Introduction 
and Notes, by Francis Turner Palgrave. Globe 8vo. is. 
{Globe Readings from Standard Authors.) 

MARMION ; and THE LORD OF THE ISLES. By the 
same Editor. Globe 8vo. is. {Globe Readings from Standard 
Authors.) 
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Shakespeare.— A Shakespeare manual. By f. g. 

Flkay, M.A., late Head Master of Skipton Grammar School. 
Second Edition. Extra fcap. 8vo. 4r. 6d. 

AN ATTEMPT TO DETERMINE THE CHRONOLOGI- 
CAL ORDER OF SHAKESPEARE^S PLAYS. By the Rev. 
H. Paine Stokes, B.A. Extra fcap. 8vo. 4f. 6d, 

THE TEMPEST. With Glossarial and Explanatory Notes. By 
the Rev. J. M. Jephson. New Edition. i8mo. is. 

PRIMER OF SHAKESPEARE. By Professor DowDEN. 
iSmo. I J. {Literature Pfimers,) 

Sonnenschein and Meiklejohn. — the ENGLISH 

METHOD OF TEACHING TO READ. By A. Sonnen- 
schein and J. M. D. Meiklejohn, M.A. Fcap. 8vo. 

COMPRISING : 
THE NURSERY BOOK, containing all the Two-Letter Words 
in the Language, id, (Also in Large Type on Sheets for 
School Walls. Sj.) 

THE FIRST COURSE, consisting of Short Vowels with Single 
Consonants. 6d. 

THE SECOND COURSE, with Combinations and Bridges, 
consisting of Short Vowels with Double Consonants. 6</. 

THE THIRD AND FOURTH COURSES, consisting of Long 
Vowels, and all the Double Vowels in the Language. (>d, 

"These are admirable books, because they are constructed on a principle, and 
that the simplest principle on which it is possible to learn to read English." — 
Spectator. 

Taylor.— WORDS AND PLACES; or, Etymological Illustra- 
tions of History, Ethnology, and Geography. By the Rev. 
Isaac Taylor, M.A. Third and Cheaper Edition, revised and 
compressed. With Maps. Globe 8vo. 6s, 

Tennyson. — The COLLECTED WORKS of ALFRED, LORD 
TENNYSON, Poet Laureate. An Edition for Schools. In Four 
Parts. Crown 8vo. 2s. 6d. each. 

Thring.— THE ELEMENTS OF GRAMMAR TAUGHT IN 
ENGLISH. By Edward Thring, M.A., Head Master of 
Uppingham. With Questions. Fourth Edition. i8mo. 25, 

Trench (Archbishop). — Works by R. C. Trench, D.D., 
Archbishop of Dublin. 
HOUSEHOLD BOOK OF ENGLISH POETRY, Selected and 
Arranged,' with Notes. Third Edition. Extra fcap. 8vo. 51. 6d, 
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Trench (Archbishop) Works by, continued— 

ON THE STUDY OF WORDS. Seventeenth Edition, revised. 
Fcap. 8vo. 5j. 

ENGLISH, PAST AND PRESENT. Eleventh Edidon, revised 
and improved. Fcap. 8vo. 5j. 

A SELECT GLOSSARY OF ENGLISH WORDS, used formerly 
in Senses Different from their Present. Fifth Edition, revised 
and enlarged. Fcap. 8vo. ^s, 

Vaughan (CM.). — WORDS FROM THE POETS. By 
C. M. Vaughan. New Edition. iSmo, cloth, is. 

Ward. — ^THE ENGLISH POJETS. Selections, with Critical 
Introductions by various Writers and a General Introduction by 
Matthew Arnold. Edited by T. H. Ward, M. A. 4 Vols. 
Vol. I. CHAUCER TO DONNE.— Vol. II. BEN JONSON 
TO DRYDEN.— Vol. III. ADDISON to BLAKE.— Vol. IV. 
WORDSWORTH to ROSSETTI. Crown 8vo. Each ^s, 6d, 

Wetherell.— EXERCISES on MORRIS'S PRIMER OF 
ENGLISH GRAMMAR. By John Wetherell, M.A. 
i8mo. is. {Literature Primers.) 

Wrightson. — the functional elements of an 

ENGLISH SENTENCE, an Examination of. Together with 
a New System of Analytical Marks. By the Rev. W. G. 
Wrightson, M.A., Cantab. Crown 8vo. $s, 

Yonge (Charlotte M.). — the abridged book of 

GOLDEN DEEDS. A Reading Book for Schools and general 
readers. By the Author of " The Heir of Redclyffe." i8mo, 
cloth. IS, 

GLOBE READINGS EDITION. Complete Edition. Globe 
8vo. 2s. (See p. 53.) 

FRENCH, 

Beaumarchais.— LE barbier de Seville. Edited, 

with Introduction and Notes, by L. P. Blouet, Assistant Master 
in St. Paul's School. Fcap. 8vo. 31. 6d, 

Bowen.— FIRST LESSONS IN FRENCH. By H. CouR- 
thope Bowen, M.A., Principal of the Finsbury Training College 
fcwr Higher and Middle Schools. Extra fcap. 8vo. is. 



MODERN LANGUAGES AND LITERATURE. 59 

Breymann. — Works by Hermann Breymann, Ph.D., Pro- 
fessor of Philology in the University of Munich. 

A FRENCH GRAMMAR BASED ON PHILOLOGICAL 

PRINCIPLES. Second Edition. Extra fcap. 8vo. 4^. ;W. 
FIRST FRENCH EXERCISE BOOK. Extra fcap. 8vo. 4J. 6d. 
SECOND FRENCH EXERCISE BOOK. Extra fcap. 8vo, 

Fasnacht. — the organic method of studying 

LANGUAGES. By G. Eugene Fasnacht, Author of ** Mac- 
millan's Progressive French Course," Editor of ** Macmillan's 
Foreign School Classics,"^ &c. Extra fcap. 8vo. I. French. 
3J. 6ci. 
A SYNTHETIC FRENCH GRAMMAR FOR SCHOOLS 
By the same Author. Crown 8vo. y, 6d, 

GRAMMAR AND GLOSSARY OF THE FRENCH LAN- 
GUAGE OF THE SEVENTEENTH CENTURY. By the 
same Author. Crown 8vo. [In preparation, 

Macmillan's Primary Series of French and 
German Reading Books. — Edited by G. Eugene 

Fasnacht, Assistant-Master in Westminster School. With 
lUustmtions. Globe 8yo. 

PERRAULT— CONTES DE FEES. Edtied, with Introduction, 
Notes, and Vocabulary, by G. E. Fasnacht. [In the press, 

LA FONTAINE— SELECT FABLES. Edited, with Introduction, 
Notes, and Vocabulary, by L. M. Moriarty, M.A., Assistant- 
Master at Rossall. [In preparation. 

GRIMM—HAUSMARCHEN. Edited, with Introduction, Notes, 
aqd Vocabulary, by G. E. Fasnacht. [In preparation, 

G. SCHWAB— ODYSSEUS. With Introduction, Notes, and 
Vocabulary, by the same Editor. [In preparation, 

Macmillan's Progressive French Course. — By G. 

EuGiiNE Fasnacht, Assistant- Master in Westminster School. 
I. — First Year, containing Easy Lessons on the Regular 

Accidence. Extra fcap. 8vo. u.* 
II. — Second Year, containing an Elementary Grammar with 
copious Exercises, Notes, and Vocabularies. A new Edition, 
enlarged and thoroughly revised. Extra fcap. 8vo. 2s, 
III. — ^Third Year, containing a Systematic Syntax, and Lessons 
• in Composition. Extra fcap. 8vo. 2s. 6d, 

THE TEACHER'S COMPANION TO MACMILLAN'S 
PROGRESSIVE FRENCH COURSE. Third Year. With 
Copious Notes, Hints for Different Renderings, Synonyms, Philo- 
logical Remarks, &c. By G. E. Fasnacht. Globe 8vo. 4J. 6d, 



6o MACMILLAN'S EDUCATIONAL CATALOGUE. 



Macmillan's Progressive French Readers. — By 

G. EUGiNE Fasnacht. 

I. — First Year, containing Fables, Historical Extracts, Letters, 
Dialogues, Fables, Ballads, Nursery Songs, &c., with Two 
Vocabularies: (i) in the order of subjects; (2) in alphabetical 
order. Extra fcap. 8vo. 2J. 6d, 

II. — Second Year, containing Fiction in Prose and Verse, 
Historical and Descriptive Extracts, Essays, Letters, Dialogues, 
&c. Extra fcap. 8vo. 2s, 6d. 

Macmillan's Foreign School Classics. — Edited by 
G. EuG^E Fasnacht. i8mo. 

FRENCH. 

CORNEILLE— LE CID. Edited by G. E. Fasnacht. is. 
DUMAS—LES DEMOISELLES DE ST. CYR. Edited by 
Victor Oger, Lecturer in University College, Liverpool. 

[In preparation, 
MOLlfeRE— LES FEMMES SAV ANTES. By G. E. Fasnacht. 

IS, 

MOLlfeRE—LE MISANTHROPE. By the same Editor, is. 

MOLIERE— LE M^DECIN MALGRE LUI. By the same 
Editor, is, 

MOLlfeRE— LAVARE. Edited by L. M. Moriarty, B.A., 
Assistant-Master at Rossall. is, 

MOLlfeRE— LE BOURGEOIS GENTILHOMME. By the same 
Editor. IS, 6d, 

RACINE— BRITANNICUS. Edited by EugAne Pellissier, 
Assistant-Master in Clifton College, and Lecturer in University 
College, Bristol. \In preparation, 

SCENES IN ROMAN HISTORY. SELECTED FROM 
FRENCH HISTORIANS. Edited by C. Colbeck, M.A„ late 
Fellow of Trinity College, Cambridge; Assistant- Master at 
Harrow. \In preparation. 

SAND, GEORGE— LA MARE AU DIABLE. Edited by W. E. 
Russell, M.A., Assistant Master in Haileybury College, u. 

SANDEAU, JULES—MADEMOISELLE DE LA SEIGLI^RE. 
Edited by H. C. Steel, Assistant Master in Wellington College. 

[In the press. 
VOLTAIRE— CHARLES XII. Edited by G. E. Fasnacht. 

[In the press. 
*#* Other volumes to folhnv. 

(See also German Author s^ page 61.) 
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Masson (Gustave).— a compendious dictionary 

OF the FRENCH LANGUAGE (French-English and EngUsh- 
French). Adapted from the Dictionaries of Professor Alfred 
Elwall. Followed by a List of the Principal Diverging 
Derivations, and preceded by Chronological and Historical Tables. 
By Gustave Masson, Assistant Master and Librarian, Harrow 
School, New Edition. Crown 8vo. 6s. 

Moliere.— LE MALADE IMAGINAIRE. Edited, with Intro- 
duction and Notes, by Francis Tarver, M.A., Assistant Master 
at Eton. Fcap. 8vo. 2s. 6d. 

(See also MacmUlan^s Foreign School Classics.) 

GERMAN. 
Macmillan's Progressive German Course. — By G. 

EUGfeNE FaSNACHT. 

Fart I. — First Year. Easy Lessons and Rnles on the Regular 
Aoddence. Extra fcap. Svo. is. 6d. 

Part 11. — Second Year. Conversational Lessons in Systematic 
Accidence and Elementary Syntax. With Philological Illustrations 
and Etymological Vocabulary. Extra fcap. Svo. 2s, 

*^^* JCeys to the French and German Courses are in preparation, 

Macmillan's Progressive German Readers. — By 

G. E. Fasnacht. First Year. [In the press. 

Macmillan's Primary German Reading Books. 

(See page 59.) 

Macmillan's Foreign School Classics. Edited by G. 
EuGi:N£ Fasnacht. iSmo. 

GERMAN. 

GOETHE— GOTZ VON BERLICHINGEN. Edited by H. A. 
Bull, M. A., Assistant Master at Wellington College. 2s. 

GOETHE— FAUST. Part I. Edited by Jane Lee, Lecturer 
in Modem Languages at Newnham College, Cambridge. 

[In preparation. 

HEINE— SELECTIONS FROM THE REISEBILDER AND 
OTHER PROSE WORKS. Edited by C. Colbeck, M.A., 
Assistant-Master at Harrow, late Fellow of Trinity College, 
Cambridge. 2s. 6d. 

SCHILLER— DIE JUNGFRAU VON ORLEANS. Edited by 
Joseph Gostwick. 2s. 6d. 

SCHILLER— MARIA STUART. Edited by C. Sheldon, M.A., 
D.Lit., Senior Modern Language Master in Clifion College. 2s. 6d 
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Foreign School Classics (German) continued— 

SCHILLER— WILHELM TELL. Edited by G. E. Fasnacht. 

[In preparation. 
UHLAND— SELECT BALLADS. Adapted as a First Easy Read- 
ing Book for Beginners. Edited by G. E. Fasnacht. is, 

%* Other Volumes to follow, 
(See also French Authors, page 60.) 

Pylodet.— NEW guide to German conversation ; 

containing an Alphabetical List of nearly 800 Familiar Words; 
followed by Exercises ; Vocabulary of Words in frequent use ; 
Familiar Phrases and Dialogues ; a Sketch of German Literature, 
Idiomatic Expressions, &c. By L. Pylodet. iSmo, cloth limp. 
2s. 6d. 
A synopsis OF GERMAN GRAMMAR. From the above. 
i8mo. 6d. 

Whitney. — Works by W. D. Whitney, Professor of Sanskrit 
and Instructor in Modem Languages in Yale College. 

A COMPENDIOUS GERMAN GRAMMAR. Crown 8vo. 4^. 6d. 

A GERMAN READER IN PROSE AND VERSE. With Notes 
and Vocabulary. Crown 8vo. Sx. 

Whitney and Edgren.— a COMPENDIOUS GERMAN 

AND ENGLISH DICTIONARY, with Notation of Correspon- 
dences and Brief Etymologies. By Professor W. D. Whitney, 
assisted by A. H. Edgren. Crown 8vo. ^s. 6d, 
THE GERMAN-ENGLISH PART, separately, 5j. 

MODERN GREEK. 

Vincent and Dickson. — HANDBOOK TO MODERN 
GREEK. By Edgar Vincent and T. G. Dickson, M.A. 
Second Edition, revised and enlarged, with Appendix on the 
relation of Modern and Classical Greek by Professor Jebb. 
Crown 8vo. 6j. 

. ITALIAN. 

Dante. — the purgatory of DANTE. Edited, with 
Translation and Notes, by A. J. Butler, M.A., late Fdlow of 
Trinity College, Cambridge. Crown 8vo. 12s, 6d, 



DOMESTIC ECONOMY. 

Barker— FIRST lessons in the princiIples of 

cooking. By Lady Barker. New Edition. i8mo. is. 
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Berners.— FIRST lessons ON health. By J. Berners. 
New Edition. iSmo. is, 

Fawcett.— TALES IN POLITICAL ECONOMY. By Milli- 
CENT Garrett Fawcett. Globe 8vo. 3j. 

Frederick.— -HINTS TO HOUSEWIVES ON SEVERAL 
POINTS, PARTICULARLY ON THE PREPARATION OF 
ECONOMICAL AND TASTEFUL DISHES. By Mrs. 
Frederick. Crown 8vo. is. 

"JThis unpretending and useful little volume distinctly supplies a desideratum. 
. . . , The author steadily keeps in view the simple aim of 'making every-day 
meals at home, particularly the dinner, attractive/ without adding to the ordinary 
household expenses.'* — Saturday Rbview. 

Grand'homme.— cutting-out and dressmaking. 

From the French of Mdlle. E. Grand' homme. With Diagrams- 
i8mo. is, 

Tegetmeier.— H ousehold management and 

cookery. With an Appendix of Recipes used by the 
Teachers of the National School of Cookery. By W. B 
Tegetmeier. Compiled at the request of the School Board Ibr 
London. i8mo. is, 

Thornton.— FIRST LESSONS IN book-keeping. By 
J. Thornton. New Edition. Crown 8^. 2s, 6d, 

The object of this volume is to make the theory of Book-keepmg saffidently 
plain for even children to understand it. 

Wright.— THE SCHOOL COOKERY-BOOK. Compiled and 
Edited by C. E. Guthrie Wright, Hon Sec. to the Edinburgh 
School of Cookery. l8mo. is. 



ART AND KINDRED SUBJECTS. 

Anderson.— LINEAR perspective, and model 

DRAWING. A School and Art Class Manual, with Questions 
and Exercises for Examination, and Examples of Examination 
Papers. By LaureNce ANDERSON. With Illustrations. Royal 
8vo. 2S, 

Collier. — a primer of art. With Illustrations. By John 
Collier. iSmo. is, 

t 

Delamotte— A BEGINNER'S drawing book. By 

p. H. Delamoti'e, F.S.A. Progressively arranged. New 
Edition improved. Crown 8vo. 3^. 6d, 
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Ellis.— SKETCHING FROM NATURE. A Handbook for 
Students and Amateurs. By Tristram J. Ellis. With a 
Frontispiece and Ten Illustrations, by H. Stacy Marks, 
R.A., and Twenty-seven Sketches by the Author. Crown 8vo. 
2J. 6d, {Art at Home Series.) 

Hunt.— TALKS ABOUT ART. By William Hunt. With a 
Letter jfrom J. E. MiLLAIs, R.A. Crown 8vo. y, 6d. 

Taylor.— A primer of pianoforte playing. By 

Franklin Taylor. Edited by Sir George Grove. i8mo. is. 
WORKS ON TEACHING. 

BlakiStOn — ^THE teacher. Hints on School Management. 
A Handbook for Managers, Teachers' Assistants, and Pupil 
Teachers. By J. R. Blakiston, M.A. Crown 8vo. 2J. td, 
(Recommended by the London, Birmingham, and Leicester 
School Boards.) 
" Into a comparatively small book he has crowded a great deal of cxceedinely 

useful and sound advice. It is a olain, common-sense book, full of hints to tne 

teacher on the management of nis school and his children." — School Board 

Chronicle. 

CalderwOOd — on teaching. By Professor Henry Calder- 
wood. New Edition. Extra fcap. 8vo. 2s, 6d. 

Fearon. — SCHOOL inspection. By D. R. Fearon, M.A., 
Assistant Commissioner of Endowed Schools. New Edition. 
Crown 8vo. 2s, 6d, 

Gladstone. — object teaching, a Lecture delivered at 
the Pupil-Teacher Centre, William Street Board School, Ham- 
mersmith. By J. H. Gladstone, Ph.D., F.R.S., Member of 
the London School Board. With an Appendix. Crown 

8vo. 3</. 
" It is a short but interesting and mstructive publication, and our younger 
teachers will do well to read it carefulW and thoroughly. There is much u these 
few pages which they can learn and prcAl by." — Tub School Guasoian. 



DIVINITY. 

*J^ For other Works by these Authors, see Theological 

Catalogue. 

Abbott (Rev. E. A.) — BIBLE LESSONS. By the Rev. 
E. A. Abbott, D.D., Head Master of the City of London 
School. New Edition. Crown 8vo. 4^. 6d, ' ,, 

"Wise, suggestive, and really profound initiation into religious thought 

—Guardian. 
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Arnold. — a bible reading for schools. —the 

GREAT PROPHECY OF ISRAEL'S RESTORATION 
(Isaiah, Chapters xl. — Ixvi.). Arranged and Edited for Young 
.Learners. By Matthew Arnold. D.C.L., formerly Professor 
of Poetry in the Univer.-ity of Oxford, and Fellow of Oriel. 
New Edition. i8mo, cloth, ij-. 
ISAIAH XL.— LXVI. With the Shorter Prophecies allied to it. 
Arranged and. Edited, with Notes, by Matthew Arnold. 
Crown 8vo. 5^. 

Benham. — a companion to the LECTIONARY. Being 
a Coninaent'Try on the Proper Lessons for Sundays and Holy Days. 
By Rev. W. Benham, B.D., Rector of S. Edmund with S. 
Nicholas Aeons, &c. New Edition. Crown 8vo. 4s. 6e/. 

Cassel. — MANUAL OF JEWISH HISTORY AND LITERA- 
TURE; preceded by a BRIEF SUMMARY OF BIBLE HIS- 
TORY. By Dk. D. Cassel. Translated by Mrs. Henry Lucas. 
Fcap. 8vo. 2J. 6d. 

Cheetham.— A CHURCH HISTORY OF THE FIRST SIX 
CENTURIES. By the Yen. Archdeacon Cheetham. 
Crown 8vo. [/n the press. 

Curteis.— MANUAL OF THE THIRTY-NINE ARTICLES. 
By G. H. Curteis, M.A., Principal . of the Lichfield Theo- 
logical Collie. [/» preparation. 

Davies. — the epistles of st. paul to the ephe- 

SIANS, THE COLOSSIANS, AND PHILEMON; with 
Introductions and Note-*, and an Esay on the Traces of Foreign 
Elements in the The »l'>gy of these Epistles. By the Rev. J. 
Llewelyn Davies, M.A., Rector of Christ Church, St Mary- 
lebone; late Fellow of Tri ity College, Cambridge. Second 
Edition. Demy 8vo. *js, 6d. 

Drummond. — the STUDY OF THEOLOGY, INTRO- 
DUCTION TO. By James Drummond, LL.D., Professor of 
Theology in Manchester New College, London. Crown 8vo. 

Gaskoin. — THE CHILDREN'S TREASURY OF BIBLE 
STORIES. By Mrs. Herman Gaskoin. Edited with Preface 
by Rev. G. F. Maclear,D.D. Part L— OLD TESTAMENT 
HISTORY. i8mo. is. Part IL— NEW TESTAMENT. 
i8mo. IS. Part III.— THE APOSTLES : ST. JAMES THE 
GREAT, ST. PAUL, AND ST. JOHN THE DIVINE. 
i8mo. IJ. 

/ 
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^viv -^^^>« III- - . _ ■ — ^ 

Golden Treasury Psalter. — students' Edition. Being an 

Edition of "The Psalms Chronologically arranged, by Four 
Friends," with briefer Notes. i8mo. 3^. 6d. 

Greek Testament. — Edited, with introduction and Appen- 
dices, by Canon Westcott and Dr. F. J. A. Hort. Two 
Vols. Crown 8yo. los, 6d. each. 
Vol. I. The Text. 
Vol. II. Introduction and Appendix. 

Greek Testament.— Edited by Canon Westcott and Dr. 
Hort. School Edition of Text. Globe 8vo. [/« the press. 

The Greek Testament and the English Version, 

a Companion to. By Philip Schaff, D.D., President 
of the American Committee of Revision. With Facsimile 
Illustrations of MSS., and Standard Editions of the New Testa- 
ment. Crown 8vo. 12s, 

Hardwicjc. — Works by Archdeacon Hardwick :— 
A HISTORY OF THE CHRISTIAN CHURCH. Middle 
Age. From Gregory the Great to the Excommunication of 
Luther. Edited by William Stubbs, M.A., Regius Professor 
of Modem History in the University of Oxford. With Four 
Maps. Fourth Edition. Crown 8vo. los. 6d, 
A HISTORY OF THE CHRISTIAN CHURCH DURING 
THE REFORMATION. Fourth Edition. Edited by Professor 
•Stubbs, Crown 8vo. los, 6d. 

Jennings and Lowe.— THE psalms, with intro- 

AUCTIONS AND CRITICAL NOTES. By A. C. Jennings, 
B.A. ; assisted in parts by W. H. Lowe. In 2 vols. Crown 
8vo. loj. 6d, each. 
Lightfoot.— Works by Right Rev. J. B. Lightfoot, D.D., 

Bishop of Durham : — , . ^,« . ^^ . , 

ST PAUL'S EPISTLE TO THE GALATIANS. A Revised 

Text, with Introdijciion, Notes, and Dissertations. Seventh 

Edition, revised 8vo. I2J. 
ST PAUL'S EPISTLE TO THE PHILIPPIANS. A Revised 

Text with Introduction, Notes, and Dissertations. Seventh 

ST^CL^M^I- orROMk-THE TWO EPISTLES TO 
THE CORINTHIANS. A Revised Text, with Introduction and 

ST^^PAUL'S EPISTLES TO THE COLOSSIANS AND TO 
PHILEMON. A Revised Text, with Introductions, Notes, 
and Dissertations. Sixth Edition, revised. 8vo. I2J. 

THE IGNATIAN EPISTLES. 8vo. [/» the press. 
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Maclear. — Works by the Rev. G. F. Maclear, D.D., Warden of 
St. Augustine's College, Canterbury, and late Head-Master of 
King's College School, London : — 

A CLASS-BOOK ^OF OLD TESTAMENT HISTORY. New 
Edition, with Four Maps. i8mo. 4s. 6d, 

A CLASS-BOOK OF NEW TESTAMENT HISTORY, 
including the Connection of the Old and New Testaments. 
With Four Maps. New Edition. i8mo. $s, 6d. 

A SHILLING BOOK OF OLD TESTAMENT HISTORY, 
for National and Elementary Schools. With Map. i8mo, cloth. 
New Edition. 

A SHILLING BOOK OF NEW TESTAMENT HISTORY, 
for National and Elementary Schools. With Map. i8mo, cloth. 
New Edition. 

These works have been carefully abridged from the author's 
large manuals. 

CLASS-BOOK OF THE CATECHISM OF THE CHURCH 
OF ENGLAND. New Edition. i8mo. is. 6d. 

A FIRST CLASS-BOOK OF THE CATECHISM OF THE 
CHURCH OF ENGLAND. With Scripture Proofs, for Junior 
Classes and Schools. New Edition. i8mo. 6d, 

A MANUAL OF INSTRUCTION FOR CONFIRMATION 
AND FIRST COMMUNION. WITH PRAYERS AND 
DEVOTIONS. 32mo, cloth extra, red edges. 2J. 

Maurice. — THE LORD'S PRAYER, THE CREED, AND 
THE COMMANDMENTS. A Manual for Parents and 
Schoolmasters. To which is added the Order of the Scriptures, 
By the Rev. F.Denison Maurice, M.A. i8mo, cloth, limp, is, 

Procter. — a HISTORY of the book of common 

PRAYER, with a Rationale of its Offices. By Rev. F. Procter. 
M.A. Sixteenth Edition, revised and enlarged. Crown 8vo. 
lar. 6d, 

Procter and Maclear. — an elementary intro- 
duction TO THE BOOK OF COMMON PRAYER. Re- 
arranged and supplemented by an Explanation of the Morning 
and Evening Prayer and the Litany. By the Rev. F. Procter 
and the Rev. Dr. Maclear. New and Enlarged Edition, 
containing the Communion Service and the Confirmation and 
Baptismal Offices. i8mo. 2s, 6J, 
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The Psalms, with Introductions and Critical 

Notes. — By A. C. Jennings, B.A., Jesus College, Ca nbridge, 
Tyrwhitt Scholar, Crosse Scholar, Hebrew Unive'sity, Pnzeuan, 
and Fry Scholar of St. John's College ; as!?isted in Parts by W. 
H. Lowe, M. A., Hebrew lecturer and late Scholar of Christ's 
College, Cambridge, and Tyrwhitt Scholar. In 2 vols. Crown 
8vo. lOJ dd. each. 

Ramsay.— THE CATECHISER'S MANUAL; or, the Church 
Catech'sm Illustrated and b.xplained, for the Use of Clergymen, 
Schoolmasters, and Teachers. By the Rev. Arthur Ramsay, 
M.A. New Edition. i8mo. u. dd, 

Simpson. — an epitome of the history of the 

CHRISTIAN CHURCH. By William Simpson, M.A. New 
Edition. Fcap. 8vo. 3J. dd, 

St, John's Epistles. — The Greek Text with Notes and Es^ay?:. 
by Brooke Foss Westcott, D.D., Regius Professor of Divinity 
and Fellow of King's College, Cambridge, Canon of Westminster, 
&c. 'Bvo. lis. 6J, 

St. Paul's Epistles.— Greek Text, with Introduction and 

Notes. 

THE EPISTLE TO THE GALATIANS. Edited by the Right 
Rev. J. B. LiGHTFOOT, D.D., Bishop of Durham. Seveuth 
Edition. 8vo. 12s. 

THE EPISTLE TO THE PHILIPPIANS. By the same Editor. 
Seventh Edition 8vo. I2s. 

THE EPISTLE TO THE COLOSSIANS. By the same 
Editor. Sixth Edition. 8vo.' 12s. 

THE EPISTLE TO THE kOMANS. Edited by the Very Rev. 
C. J. Vaughan, D.D., Dean of Llandnff, and Master of ihe 
Temple. Fifth Edition. Crown 8vo. ys. 6d. 

THE EPISTLE TO THE THESSALONIAN^, COMMENT- 
AKY ON THE GREEK TEXT. By John Eadie, D.D., LL.U. 
Edited by the Rev. W. YouNG, M.A., with Preface by Professor 

CAIKNS. 8vO. I2J. 

THE EPISTLES TO THE EPHESIANS, THE COLOSSIANS, 
AND PHILEMON ; with Introducii ms and Notes, and an 
Essay on the Traces of Foreign Elements in the Theology of these 
Epistles. By the Kev. ]. Llewelyn Davies. M.A., Rector of 
Christ Church, St Maryle one ; late Fellow of 1 rinity « oUege, 
Cambridge. Second Edition, revised. Demy 8vo. 7*, 6d, 
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The Epistle to the Hebrews, in Greek and English. 
With Critical and Explanatory Notes. Edited by Rev. Frederic 
Kendall, M. A., formerly Fellow of Trinity College, Cambridge, 
and Assistant- Master at Harrow School. Crown 8vo. 6s, 

Trench. — Works by R. C. Trench, D.D., Archbishop of Dublin. 

NOTES ON THE P ARAB I ES OF OUR LORD. Fourteenth 
Edition, revised. 8vo. I2s, 

NOTES ON THE MIRACLES OF OUR LORD. Twelfth 
Edition, revised. 8vo. 12s. 

COMMENTARY ON THE EPISTLES TO THE SEVEN 
CHURCHES IN ASIA. Third Edition, revi-ed. 8vo. 8j. 6J, 

LECTURES ON MEDIEVAL CHURCH HISTORY. Being 
the substance of Lectures delivered at Queen's College, London. 
Second Edition, revised. 8vo. 12s. 

SYNONYMS OF THE NEW TESTAMENT. Ninth Edition, 
revised. 8vo. 12s, 

WeStCOtt, — Works by Brooke Foss Westcott, D.D., Canon of 
Westminster, Regius Professor of Divinity, and Fellow of King's 
College, Cambridge. 

A GENERAL SURVEY OF THE HISTORY OF THE 
CANON OF THE NEW TESTAMENT DURING THE 
FIRST FOUR CENTURIES. Fifth Edition. With Preface on 
** Supernatural Religion." Crown 8vo. lor. 6ei. 

INTRODUCTION TO THE STUDY OF THE FOUR 
GOSPELS. Fifth Edition. Crown 8vo. 10s. 6d, 

THE BIBLE IN THE CHURCH. A Popular Account of the 
Collection and Reception of the Holy Scriptures in the Christian 
Churches. New Edition. i8mo, cloth. 4?. 6d, 

THE EPISTLES OF ST. JOHN. The Greek Text, with Notes 
and Essays. 8vo. 12s. 6d, 

THE EPISTLE TO THE HEBREWS. The Greek Text 
Revised, with Notes and Essays. 8vo. [In preparation, 

Westcott and Hort. — the new testament in 

THE ORIGINAL GREEK. The Text Revised by B. F. 
Westcott, D.D., Regius Professor of Divinity, Canon of 
We tminster, and F. J. A. Hokt, D.D., Hulsean Professor of 
Divinity ; Fellow of Emmanuel College, Cambridge : late Fellows 
of Trinity College, Cambridge. 2 vols. Crown 8vo. lOj. 6^/. each. 

Vol. I. Text. 

Vol. II. Introduction and Appendix. 
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Wilson. — THE BIBLE STUDENTS GUIDE to the more 
Correct Understanding of the English Translation of the Old 
Testament, by reference to the original Hebrew. By William 
Wilson, D.D., Canon of Winchester^ late Fellow of Queen's 
College, Oxford. Second Edition, carefully revised. 4to. 
cloth. 251. 

Wright.— THE BIBLE WORD-BOOK : A Glossary of Archaic 
Words and Phrases in the Authorised Version of the Bible and the 
Book of Common Prayer. By W. Aldis Wright, M.A., Fellow 
and Burner of Trinity College, Cambridge. Second Edition, Revised 
and Enlarged. Crown 8vo. 'js, 6d, 

Yonge (Charlotte M.).— scripture readings for 

SCHOOLS and families. By Charlotte M. Yonge. 
Author of " The Heir of Redclyffe." In Five Vols. 

First Series. Genesis to Deuteronomy. Extra fcap. 8vo. 
IS. 6d, With Comments, jj. 6d. 

Second Series. From Joshua to Solomon. Extra fcap. 
8vo. is. 6d, With Comments, 3J. 6d, 

Third Series. The Kings and the Prophets. Extra fcap. 
8vo. IJ. 6d, With Comments, 3^. 6d, 

Fourth Series. The Gospel Times, is. 6d, With Comments, 
extra fcap. 8vo, y, 6d, 

Fifth Series. Apostolic Times. Extra fcap. 8vo. u. 6d. 
With Comments, y, 6d, 

Zechariah — Lowe. — the HEBREW student's com- 
mentary ON zechariah, HEBREW AND LXX. 
With Excursus on Syllable-dividing, Metheg, Initial Dagesh, and 
Siman Rapheh. By W. H. Lowe, M.A., Hebrew Lecturer a: 
Christ's College, Cambridge. Demy 8vo» lOf. 6d, 



Londtm : R. Clay, Sons, and Taylor, Pf inters. 



MACMILLAN'S GLOBE LIBRARY. 

In Cloth Bindings Globe Svo, 31. 6d. each. 



"The 'Globe* Editions are admirable for their scholarly editing, 
their typographical excellence, their compendious form, and their 
cheapness. — Saturday Review, 

** Not only truly cheap, but excellent in every way.*' — Literary World. 

"A wonderfully cheap and scholarly series.** — DaUy Telegraphy 



SHAKESPEARE'S COM- 
PLETE WORKS. Edited by 
W. G. Clark, M.A., and W. 
Aldis Wright, M.A. With 
Glossary. 

MORTE D*ARTHUR. The 
Book of King Arthur and of his 
Noble Knights of the Round 
Table. The Original Edition 
of Caxton revised for Modern 
Use, with Introduction, Notes, 
and Glossary, By Sir E. 
St RACK EY. 

ROBINSON CRUSOE. Ed- 
ited after the Original Editions. 
With a Biographical Introduc- 
tion by Henry Kingsley, 
F R G S 

SIR WALTER SCOTT'S 
POETICAL WORKS. Ed- 
ited with Biographical and 
Critical Memoir, by F. T. 
Palgrave. With Introduction 
and Notes. 

VIRGIL. Rendered into Eng- 
lish Prose, with Introductions, 
Notes, Analysis, and Index, by 
J. Lonsdale, M.A., and S. 
Lee, M.A. 

HORACE. Rendered into Eng- 
lish Prose, with Introducti )ns, 
Running Analysis, Notes, and 
Index, by J. Lonsdale, M.A., 
and S. Iy£E, M.A. 



DRYDEN*S POETICAL 

WORKS. Edited, with a 
Memoir, Revised Text, and 
Notes, by W, D. Christie, 
M.A. 

COWPER'S POETICAL 
WORKS. Edited, with Bio- 
graphical Introduction and 
Notes, by W. Benham, 
B.D. 

BURNS'S COMPLETE 
WORKS. Edited from the 
best Printed and MS. Autho- 
rities, with Memoir and 
Glossarial Index, by Alex- 
ander Smith. 

GOLDSMITH'S MISCEL- 
LANEOUS WORKS. With 
Biographical Introduction by 
Professor Masson. 

POPE*S POETICAL 
W^ORKS. Edited, with Notes 
and Introductory Memoir, by 
Professor 'Ward, of Owens 
College, Manchester. 

SPENSER'S COMPLETE 
WORKS. Edited from the 
Original Editions and Manu- 
scripts, with Glossary, by R. 
Morris, and a Memoir by 
J. W. Hales, M.A. 

MILTON*S POETICAL 
WORKS. Edited, with Intro- 
ductions, by Professor Masson. 



MACMILLAN AND CO., LONDON. 



Now Publishing, in Crown 8vo, price 2s. 6J. each. 
Also in stiff boards, uncut edges, price 2s. 6J. each. 

ENGLISH MEN OF LETTERS. 

EDITED BY JOHN MORLEY. 



*' These excellent biographies should be made class-books for Schools."— 
Westminster Reviezv, 

•* Thif5 admirable series " — British Quarterly Review* 
** Ei^oyable and excellent litde books." — Academy, 



JOHNSON. By Leslie Stepmbn. 

SCOTT. By R. H. Hutton. 
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